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ABSTRACT 


In  a  fully  instrumented  test  in  December  1971  at  China  Lake.  Calif,,  200,000 
pounds  of  TNT  explosive  contained  in  155-mm  projectiles  were  detonated 
simultaneously  in  an  earth-covered  magazine  surrounded  by  four  earth-covered  igloos 
placed  at  various  distances  from  the  donor  magazine.  The  principal  objective  was  to 
evaluate  magazine  spacing.  Based  on  data  from  this  and  previous  tests,  the 
Department  of  Defense  Explosives  Safety  Board  reduced  the  separation  distances  for 
earth-covered  steel-arch  magazines  to  2.0  X  Wl/3  for  face-to-rear  orientations  and 
2.75  X  W^3  for  face-to-side  orientations.  The  report  contains  data  on  fragment 
sizes  and  distribution,  igloo  damage  and  structural  motion,  and  blast  pressures  at  the 
site. 
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FOREWORD 


This  report  describes  a  full-scale  magazine  separation  test  conducted  at  the 
Naval  Weapons  Center  in  December  1971.  The  test  work  was  conducted  for  the 
Department  of  Defense  Explosives  Safety  Board  (DDhSB)  using  funds  provided  by 
that  organization.  The  work  was  identified  by  Army  Program  Element  Number 
6. 57.02. A  and  Project  and  Task  Area  Number  4A765702M8570. 

Based  on  data  derived  from  the  test,  DDESB  has  made  significant  adjustments 
in  criteria  for  magazine  spacing. 

This  report  has  been  reviewed  for  technical  accuracy  by  DDESB  staff 
members. 


Released  by 

J.  R.  SCHREIBER,  Head 
Ground  Operations  Division 
9  March  1973 


Under  authority  of 
IVAR  E.  HIGHRERG,  Head 
Engineering  Department 
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INTRODUCTION 


1  tic  Dcp.nlineui  ol  Defense  lx  plosives  Safely  Board  (DDISB)  is  engaged  in  a 
pmgrani  to  «Jo!oi tiiino  uioie  accurately  ininiiniiiu  sale  separation  distances  between 
map /mes  stonily  explosives  These  distances  are  the  least  that  will  provide  assurance 
that  an  explosion  in  one  magazine  (donor)  will  not  piopagatc  to  another  (acceptor), 
although  the  acceptor  magazine.  and  possibly  its  contents,  might  bo  extensively 
damaged. 

Previous  tests  have  demonstrated  that  earth-covered  steel-arch  igloo  maga/uics 
can  be  sjfcly  spaced  side-to-sidc  at  a  distance  m  feet  determined  b>  1.25  X  W* 
m  which  W  is  the  weight  in  pounds  of  the  high  explosive  in  storage.  However,  little 
information  has  been  developed  which  will  indicate  the  minimum  safe  distance 
between  the  concrete  headwall  of  a  maga/i.ie  and  the  carthiovcrcd  side  and  rear 
walls  and  barricaded  headwall  of  another  magazine  The  most  recent  data  (obtained 
from  a  test  in  llK>2)  showed  that  a  spacing  of  4.5  X  \VD3  jor  3  face-to-rear 
orientation  was  quite  conservative  (Ref.  I)  Increasing  land  values  and  siting 
problems  lor  new  and  projected  construction  have  made  it  desirable  to  further 
evaluate  this  separation  standard.  The  LSKIMO  I  test  was  designed  for  this 
evaluation.  (LSKIMO  is  an  acronym  for  Explosive  Safety  Knowledge  IMprovcmem 
Opera  tn  >n.) 

LSKIMO  I  was  conducted  at  the  Randsburg  Wash  Test  Range  of  the  Naval 
Weapons  Center.  China  Lake,  Calif.,  on  8  December  1971. 

PRINCIPAL  CONCLUSIONS 


Based  on  the  results  of  (his  test  and  supporting  data  from  previous  tests. 
DDLSB  has  authorized  the  following  new  separation  distances  for  earth-covered 
steel-arch  magazines  without  intervening  barricades 

Facc-to-rear  orientations:  2.0  X  W*  ' 

Face-to-side  orientations:  2.75  X  W1  3 

DDLSB  also  adjusted  the  spacing  requirements  for  face-to-face  orientations  to 
11  X  W*f3  without  an  intervening  barricade  and  to  6  X  W^3  when  a  substantial 
barricade  exists  between  the  igloos. 

Additional  conclusions  are  given  m  the  Conclusions  section. 
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TLST  OBJliCTI VLS 


The  principal  test  objective  was  evaluation  ol  igloo  magazine  spacing  Other 
objectives  were 

1.  Measurement  ol  fiagtncut  mass  and  distribution  resulting  from  the  mass 
detonation  of  typical  high  fragmentation  ammunition  stored  in  a  standaid 
earth-covered  igloo 

2.  Measurement  of  air  blast  in  the  area  surrounding  such  an  explosion. 

3.  Measurement  of  the  structural  motion  of  an  earth-covered  igloo  in  response 
to  the  explosion  m  an  adjacent  maga/iue. 


CENTRAL  PLAN 


Four  .gloos  of  standard  height  and  width  were  placed  about  a  donor  inarr/inc 
which  contained  200,000  pounds  of  high  explosive.  The  four  acceptor  igloos  faced 
the  donor  and  were  located  at  various  distances  ranging  from  1.25  X  l0  2.75 
X  W*  3  jwo  concrete  block  structures  simulating  one  type  of  Air  Force  storage 
building  were  also  placed  111  Hie  area  at  distances  ol  2.0  X  WL'3  Fig.  \  anj  2  show 
the  arrangement. 

In  order  to  obtain  data  on  the  distribution  of  fragments  resulting  from  a 
magazine  explosion.  155-min  projectiles  were  used  as  the  explosive  in  this 
experiment.  Most  of  the  previous  testing  has  been  with  bulk  high  explosive  or  with 
ordnance  basing  a  low  metal- 1 o-ex plosive  ratio,  and  so  only  a  small  amount  of  data 
has  been  obtained  011  fragment  hazard  To  measure  fragment  distribution  in  this  test, 
three  radial  sectors  of  terrain  were  cleared  of  brush  and  debris  and  smoothed  by  a 
bulldozer  to  provide  fragment  collecting  areas.  In  addition,  a  B-24>  aircraft  was 
placed  1.800  feet  from  the  donor  magazine  to  obtain  inhumation  on  fragment 
damage  that  might  be  incurred  by  an  aircraft  at  that  distance  from  such  an 
explosion. 

To  measure  overpressure  within  jnd  near  the  igloos,  the  Mason  &  Hanger  Silas 
Mason  Co.,  Inc.,  under  contract  to  the  Atomic  Luergx  Commission,  installed  gauges 
and  recorders  at  the  test  site.  Appendix  A  contains  extracts  from  the  company’s 
report  of  these  measurements.  Other  overpressure  measurements  were  made  by  NWC. 

About  20  minutes  aftei  the  detonation.  Air  Force  aircraft  were  allowed  to  fly 
over  the  test  site  to  detcnnitie  the  extent  to  which  aerial  IR  surveys  could  be  used 
to  detect  and  count  steel  and  concrete  fragments.  Appendix  B  contains  unclassified 
extracts  from  an  Air  Force  report  of  these  flyover  operations. 
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TLSr  STRUCT  URLS 


The  donut  rnjgj/inc  H  it*  3)  used  l»>r  I ln>  lot  was  i  slightly  damaged  59-  by 
25-loot  siccl-atcit  igloo  that  was  one  t»l  two  acceproi  structures  remaining  from  a 
ll>63  magazine  separation  te>t  New  slandaid  steel  maga/itie  doors  were  put  on  this 
donor  magazine,  and  the  compacted  earth  cover  was  repaired,  with  a  slope  of  I  in 
2.  The  donor  charge  in  this  magazine  consisted  of  200.000  pounds  of  TNT 
contained  in  l3.t>l>o  155-nun  MIDI  projectiles.  Iliese  were  installed  in  the  magazine 
in  1.712  pallets  at  eight  to  the  pallet. 

Four  acceptor  steel-aicli  igloos  (Fig  4,  5.  and  h)  were  built  at  various 
distances  from  the  donor  igloo  to  measure  the  effects  of  the  200,000-pound 
explosion.  Facli  of  these  25-foot-wide  hv  14-toot-higli  igloos  was  built  in  accordance 
with  the  Office  ol  the  Chief  of  Fngmeeis.  U.S.  Army,  standard  drawing 
AW-33-1 5-<»4,  except  that  then  length  wjs  limited  to  20  feet,  steel  wing  walls  were 
used  in  lieu  of  concrete,  and  the  veiinl.it mg  and  lighting  equipment  was  omitted  in 
order  to  reduce  the  costs.  Hie  igloos  were  coveted  b\  W;  compacted  earth  to  a 
2-foot  depth  at  the  top  ol  the  arch,  with  side  slopes  of  I  in  2.  They  were  located 
along  the  center  lines  ol  the  domu  magazine,  as  shown  in  Fig.  I.  at  the  distances 
shown  in  that  figtue.  I  he  limn?,  of  the  acceptor  igloos  to  the  north,  east,  and  south 
of  the  donor  magazine  were  placed  level  with  the  donor  floor.  The  floor  of  the 
west  acceptor  igloo  was  4.5  feet  lower  than  the  other  lloois  because  the  site  bad  to 
be  scraped  down  to  make  tt  level 

Two  20  foot -wide  and  25-foot4oug  storage  structures  (Fig.  7)  were  built  near 
i he  corners  ol  the  north  acceptor  igloo,  with  their  solid  Iron!  wall  117  feet  front 
the  neatest  cornet  of  the  donor  maga/inc  The  walls  of  the  structure  were  concrete 
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IK.  I  !Mrn*r  \l.igj/»'ie  Vpaulion  ol  uinje  wall  Uow  head  wall  was  ijitscJ  b> 
1‘KiJ  icnI. 


I  1(1  4  (  imNiru  »M*n  ol  lufmr  Id****.  S4i« tnji  \ll.ulimoil  »1  Sleet  \reli. 

block,  flic  doors  were  omitted.  and  the  loot  wj>  wooden  Tin*  coiMinction  details 
were  hi  general  conlomiaiice  with  Depaitincut  ol  A n  l-»»uv  diawiug  A!)  55- 1 5*  l~. 

A  I5.5*hw>i  high  eaith  barricade  tuncompacted)  was  installed  lx* tween  the 
dotioi  map /me  and  the  north  acceptor  igloos  with  the  ioe>  ol  its  side  slopes  25 
lee l  trout  the  acceptor  and  27  tcel  liom  the  donor  I  his  hameade  can  be  seen  in 
I  ig.  2  It  was  5  I  eel  thick  at  the  top  and  had  >.de  %lo|xv\  ot  I  in  2.  I  In  length  ot 
K2  leet  at  the  top  provided  a  b.irnei  between  the  donor  igloo  and  the  at  tax  ol  the 
north  acceptor  igloo  jnd  the  two  acceploi  stoiage  buildings  beside  it 
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DONOR  \N!)  ACCtPTOR  CHARGES 


The  1,712  pallets  ol  155-mm  projectiles  weie  stacked  in  the  donor  igloo  in 
general  accordance  with  U.S.  Army  Ordnance  Coips  drawing  |lM8-4003-l  PI  1000. 
except  that  the  stacks  were  arranged  to  allow  one  more  hori/ontal  row  and  one 
more  layer  ol*  pallets,  principalis  b>  eliminating  a  30-inch  inspection  aisle.  The 
general  cross  section  of  the  stack  is  shown  in  Fig  K.  I  Ins  stacking  procedure 
allowed  lor  the  installation  ol  the  1.712  pallets  with  some  vacant  space  remaining  at 
the  front.  Fig.  c>  shows  the  maga/nie  partially  loaded,  and  Fig  10  shows  it  lully 
loaded.  The  last  pallets  were  placed  along  the  sides,  as  shown  m  Fig  10.  in  order  to 
give  the  lorklilt  truck  maneuvering  room;  this  gave  the  stack  a  C-shape.  wit ii  the 
open  end  of  the  U  toward  the  door 

Selected  projectiles  in  the  ammunition  stack  weie  primed  by  packing  high 
explosive  (Composition  C)  in  the  projectile  lu/e  well  (Fig.  II)  and  equipping  each 
with  a  length  of  Primaeord  leading  to  a  nonelectric  detonator.  Primed  projectiles 
were  located  at  each  of  the  eight  corners  (upper  and  tower)  of  the  bottom  layer, 
which  was  two  pallets  high,  of  the  ammunition  stack,  interior  projectiles  on  the 
pallets  were  chosen,  so  that  each  primed  projectile  was  surrounded  b\  unprimed 
ones.  Primed  projectiles  were  also  placed  in  each  of  the  live  layers  of  pallets  in  a 
column  in  the  center  of  the  stack.  Since  there  was  no  access  to  the  rear  of  the 
igloo  after  the  ammunition  was  installed,  t he  projectiles  were  pruned  as  the  pallets 
were  loaded  in,  and  the  Priniacord  leads  were  brought  forward  during  the  loading 
process.  All  13  Primaeord  leads  had  the  same  total  length  and  the  same  length 
extending  outside  the  magazine,  these  exterior  lengths  were  bundled. 

High-explosive  acceptor  charges  were  located  m  each  of  the  acceptor  igloos  to 
provide  further  evidence  of  the  probability  of  the  explosion  propagating  to  the 
acceptor  magazines.  Fach  igloo  contained  eight  acceptor  charges,  arranged  in  two 
rows  of  four  across  the  face  of  the  magazine,  one  about  18  inches  off  the  floor, 
and  the  other  above  it.  about  5  feel  off  the  llour 

Six  accptor  charges  were  located  in  the  northeast  concrete  block  storage 
building  and  two  Class  7  missile  rocket  motors,  one  a  Polaris  A-3  second  stage  and 
the  other  a  Minuteman  third  Mage,  were  located  in  the  noithwesi  storage  building 
(Fig.  12). 


DATA  COLLECTION 

FRAGMENT  COLLECTION  AREAS 

To  measure  Iragment  distribution,  three  radia*  sectors  ol  5-degree  width  were 
cleared  and  smoothed  to  the  north,  south,  and  west  ol  the  donor  magazine, 
beginning  at  a  distance  of  500  feel  Iroin  the  magazine  d  ig.  13)  The  south  and 
west  sectors  were  cleared  to  3,00(1  !ect,  although  the  smith  wet  mil  was  sea r died 
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I  M»  \2.  \»*rifi\u  i  ilh  Rinkcl  Motors  in  Plaec.  Polaris  mnlnf  In  on 

hiv  tell  Miivticiiuit  '*n  ilu  oglu.  IIk*  missing  mol  section  was  replaced  More  the  lest. 

ottk  to  2.IHHI  livi  I  Ik*  north  sector  ended  ai  1.617  feel  because  of  a  lull.  The 
south  MVhu  jtUijII)  c\ (ended  almrg  17 1  degrees  true,  not  180.  to  avoid  a  lull, 
bach  sector  wa*  divided  into  *overal  search  areas  called  cells. 

In  jddii n >u.  j  itniuKr  of  search  areas,  most!)  100-loot  squares.  were  surveyed 
and  uiatkcJ  hui  i ** *i  chaied  These  aieas  were  located  adjacent  to  and  beyond  the 
three*  sectors  and  also  on  lines  extending  135  and  330  degrees  true  front  the  donor 
nijca/tiie  center  Smile  ol  the  aieas  shown  in  I  ig  13  were  added  alter  the  test  The 
genciJ  plan  was  to  watch  these  small  aieas  on  loot  and  to  search  the  cells  with  a 
magnet  truck 

Ih  iniinlvr  and  seven!)  ol  fragment  strikes  on  an  aircraft  of  a  sr/c  directly 
appioMiiutiiig  dial  ol  ivpical  pic  win -day  commercial  aircraft  were  observed  by 
plating  a  It  2'>  ancialt  I  ,*00  lect  Irom  the  donor  maga/mo  on  a  line  about  335 
degiecs  tine,  whuh  (mated  the  airciafl  near  one  ol  the  100-loot  squares  Large 
holes  limn  previous  lesis  were  coveted  with  sheet  metal  or  screen,  and  the  top 
sin  laces  and  itcai  side  ««|  the  aiieutt  were  painted  white  to  aid  m  distinguishing 
between  new  liagiucisi  holes  and  old  «>ncs. 
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l:I(».  I  3.  I  ragmen  I  Collection  Area*. 

structures.  16  Ballistics  Research  Laboratories  self-recording  blast  gauges,  wire 
installed  from  410  lect  to  2.6*>0  feet  to  the  north  and  west  ot  the  donor  magazine, 
and  from  410  feet  to  8S0  feet  to  the  south.  These  were  installed  along  the  edges  of 
the  cleared  sectors,  as  shown  in  Fig.  14. 

To  measure  the  overpressure  time  Instory  near  the  face  of  the  acceptor  igloos. 
10  Kistler  piezoelectric  overpressure  gauges  were  installed  Two  of  these  were 
installed  in  the  ground.  Ilush  with  the  surface.  2  feet  forward  of  the  headwall  of 
each  of  the  four  acceptor  igloos.  Two  gauges  were  also  installed  in  the  wing  walls  of 
the  south  igloo  to  measure  the  lace-on  overpressure. 


It 
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EXPECTEO  OVERPRESSURE  AT  2.690  FT:  1  PSI 
HG.  14.  BLinJ  Gauge  Locations. 

STRUCTURAL  MOTION 

Fart  of  the  initial  motions  and  velocities  of  the  acceptor  igloo  headwalls  and 
doors  was  recorded  by  three  sets  of  electric  probes.  Each  set  comprised  probes  of 
various  lengths  mounted  on  a  post  and  set  against  microswitches.  These  sets  were 
installed  m  the  north,  east,  and  south  igloos  at  the  middle  height  of  one  door  near 
the  opening  edge. 

A  linear  motion  transducer  was  mounted  on  the  inside  top  center  of  the 
headwall  in  the  north,  east,  and  south  igloos.  A  4-fool*long  section  of  railroad  rail, 
suspended  horizontally  by  chains  from  the  top  of  the  arch,  was  placed  in  contact 
with  the  transducer  in  each  igloo.  Headwall  movement  would  thus  be  sensed  relative 
to  this  suspended  rail,  which  would  remain  initially  fixed  in  space  due  to  its  inertia. 

Vertical  and  horizontal  floor  motions  were  recorded  by  eight  accelerometers 
(two  per  igloo)  installed  on  the  center  lines  of  the  floors,  near  the  front. 
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PHOTOGRAPHY 

Photographic  iccords  *>!*  the  tcsl  were  obtained  by  10  high-speed  (up  to  4.000 
frames  per  second)  16*  and  35-mm  ground -based  cameras  and  bv  three  cameras 
running  at  near  normal  speeds.  Most  cameras  were  located  1,500  feet  to  the  west 
and  south  of  the  test  site:  one  was  3,500  feet  south,  and  one  was  30.000  feet  to 
the  northwest. 

Oblique  views  of  the  headwalls  of  the  donor  and  the  four  acceptor  igloos  were 
obtained,  as  well  as  overal1  views  of  the  entire  site.  Photography  of  the  interior  of 
the  west  and  south  igloos  was  also  accomplished,  showing  the  inward  collapse  of  the 
doors. 


SUPPLEMENTAL  INSTRUMENTATION 


AEROLOGY 

Measurements  of  temperature,  pressure,  humidity,  and  wind  velocity  and 
direction  were  made  at  the  surface  and  every  1.000  feet  above  ground  up  to  15.000 
feet  one  hour  before  and  one  hour  after  the  test  event. 

OVERPRESSURE  WITHIN  AND  NEAR  IGLOOS 

The  Mason  &  Hanger  Silas  Mason  Co.,  Inc.,  installed  pressure  gauges  and 
timc*of*arrival  gauges  at  selected  position  inside  and  outside  the  acceptor  igloos  using 
company  sensors  and  recorders. 

SEISMIC  DATA 

The  event  was  coordinated  with  the  California  Institute  of  Technology  to 
provide  it  an  opportunity  to  identify  the  seismic  effects  resulting  from  the  test.  No 
results  were  reported  to  NWC. 

POST-TEST  DATA 

Post-test  measurements  of  headwall  position  were  made  for  comparison  with 
pretest  measurements  to  determine  the  permanent  displacement  of  various  points  on 
the  face  of  each  acceptor  igloo  headwall.  In  addition,  general  photographic  records 
were  made  of  the  effects  of  the  explosion. 
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ESKIMO  I  DETONATION 


At  noon  on  8  December  1971,  the  donor  charges  were  detonated  by 
simultaneously  initiating  the  13  bundled  Primacord  leads  with  two  engineer’s 
specials.  The  electrical  impulse  lor  the  two  detonators  originated  in  the  Randsburg 
Wash  lire  control  building  6  miles  away  from  the  test  site.  No  personnel  were 
within  ft  miles  of  the  test  site  at  detonation. 

Figures  15  through  30  show  the  event  as  viewed  from  the  northeast.  These  16 
photographs  are  selected  frames  from  motion  pictures  taken  from  a  helicopter 
slightly  more  than  2  miles  away  from  the  lest  site.  The  camera  wes  a  70-mm 
Hulcher  with  a  162*mm  lens  operating  at  10  frames  per  second. 

Figures  15  through  18  arc  consecutive  frames  0  1  second  apart,  and  Fig  19 
through  30  are  frames  selected  at  progressively  increasing  time  intervals  up  to  40 
seconds  after  the  detonation. 


TEST  RESULTS 


GENERAL 

Figure  31  in  an  aerial  view  of  the  test  site  after  the  detonation.  Table  1 
summarizes  the  principal  effects.  Details  or  the  response  of  the  acceptor  structures, 
charges,  and  motors  are  presented  with  illus  rations  in  the  following  sections. 


SOUTH  IGLOO 

None  of  the  eight  acceptor  charges  received  sufficient  damage  to  induce 
burning  or  explosion.  The  donor  explosion  resulted  in  the  following  structural 
response. 

1.  The  doors  were  forced  inward  (Fig  32).  They  remained  in  a  generally 
upright  position  although  hinge  separation  occurred  at  several  points. 

2.  faith  cover  from  the  donor  magazine  was  thrown  into  the  igloo  (Fig  33) 
and  also  against  the  hcadwall  and  wing  walls. 

3.  The  concrete  hcadwall  was  cracked,  particularly  around  the  door  frame, 
from  blast  overpressure  but  showed  little  evidence  of  fragment  damage  (Fig  34). 

In  general,  the  south  igloo  was  the  least  damaged  of  an>  of  the  acceptor 
structures. 


WEST  IGLOO 

None  of  the  eight  acceptor  charges  received  sufficient  damage  to  induce 
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oxplos itiii  ur  burning.  The  douoi  explosion  produced  the  following  structural 
response  : 

1  The  doors  were  ioreed  inward  (I  ig  .35).  The  left  doot  remained  attached  to 
the  door-frame.  but  the  nglit  door  separated  and  the  sheet  metal  liner  was  detached 
from  the  rest  ot  the  doo*  (Lett  and  right  aie  as  viewed  Iroin  the  exterior  lacing 
the  hcadwall  ) 

2  Much  earth  cover  from  the  donor  magazine  was  thrown  into  the  west  iglin> 
(Fig.  3<s)  and  also  against  the  hcadwall  and  wing  walls. 

3  A  small  section  ol  omcrctc  hcadwall  jJiacent  to  the  left  doorjamb  was 
damaged  sever el> .  wnh  complete  perforation  ot  a  limited  area  (Fig  37)  This  is 
believed  to  he  the  result  ol  impact  by  a  lieavv  fragment  Heavy  fragments  of  donor 
curb  were  found  in  front  of  the  west  igloo  (see  Fig.  35).  One  emb  fragment  J4  feet 
long  was  found  under  the  debris  piled  at  the  left  side.  The  right  side  of  ihe 
hcadwall  experienced  minor  cracking 

In  general,  the  west  igloo  condition,  except  lor  the  damage  near  the  left  door 
joint,  was  roughly  equal  to  that  of  the  south  igloo  The  right  side  ol  the  hcadwall 
experienced  less  damage  than  aii>  hcadwall  section  m  ary  other  igloo. 
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TABLE  1.  Summaiy  of  Damage  Effects. 


Acceptor 
structure  and 
separation  distance 

Acceptor  charge 

and  motor 

response 

Structure  response 

South  igloo. 

No  explosion  or  burning 

Doors  thrown  inward,  mmor  headwall  damage 

2.0  x  Wv3 

West  igloo. 

2.75  x  W,/3 

No  explosion  or  burning 

Doors  thrown  inward,  headwall  perforated  ai 
one  pomt.  but  blasf  ellects  fudged 

m.nor, 

North  igloo. 

2.0  x  W1/3 

Four  charges  burned. 

Doors  thrown  inward  and  separated  headwall 
damage  from  blast  more  extensive  lhan 
in  south  and  west  igloos 

East  igloo. 

All  charges  detonated 

Acceptor  charge  reactions  caused  maior  damage 

1  25  •  W1’3 

or  exploded 

only  floor,  rear  wail,  wing  walls,  and 
outer  portions  of  earth  cover  remained  at 

initial  site. 

Northwest  concrete 
block  Structure, 

Both  motors  burned 

Structure  reduced  to  debris  some  reinforced 
elements  remained  tied  together 

2.0  x  W1  3 

Northeast  concrete 
block  Structure. 

No  explosion  or  burning 

Structure  reduced  to  debris,  many  reinforced 
elements  remained  tied  together 

2  o  *  w1/3 

B  29  aircraft, 

1.800  ft 

No  acceptor  units. 

Aircraft  skin  pierced  by  fragments  at 

42  points. 

NORTH  IGLOO 

I  nur  nl‘  ific  eight  a.ccphn  cluige>  burned  (I  ig,  3N),  1  lie  remaining  lour  did 
urn  hum  ni  explode  Mi uv  of  the  burned  mills  were  lioin  the  lower  tier  of  elurges. 
.1  nd  two  ol  these  were  limn  I  lie  inside  positions  behind  i  lie  door  The  fourth 

binned  mill  vvjs  hop)  jii  tippet  inside  position.  The  iiieelunisiii  that  initialed 

btu  nine  could  hoi  be  deter  mined  I  lie  donor  explosion  resulted  in  the  following 

siiueimjl  lexponse' 

I  Hie  doois  were  I'mced  inward  and  detached  from  their  lunges.  Sheet  inetal 
dt*»i  liners  were  separated. 

2,  Headwall  cracking  was  much  more  general  than  in  the  south  or  west  igloos, 
(‘racking  and  mwaid  movement  was  paiticularly  imue  evident  just  juward  of  the  line 
ol  attachment  to  the  steel  arch,  the  coucicic  sill,  and  a  icteie  floor  (fig  and 
40)  Despite  this  mote  extensive  damage,  there  weie  onlv  vetv  limned  areas  ot 
eoneiete  separation  or  spalling.  Irom  the  interior  suitace  of  the  wall  Together  with 
the  naimc  and  position  ot  the  sepaiation  and  with  low  wall  velocities  of 

appioximately  }5  It  sec.  this  limited  amount  ol  spalling  indicated  that  the  secondary 
concrete  I  ragmen  ts  would  have  pteseitted  no  serious  ha/aid  to  ordnance  m  the  iglinr 
l  igtitc  41  shows  the  linear  motion  tuiisdticcr  used  to  derive  the  wall  velocity. 
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I  li;  31  Aerial  \>cu  III  Tom  Nile  Alter  IK'finufnm.  Sole  i\l  void  in  earth  cover  o\cr 
remains  « *1  cad  ;  »Bl  part*  of  vied  ar*h  til  cast  igh**  in  Ironl  of  and  ihi  cast 

dupe  ol  tlu*  59-fotti  maga/inc;  it  I  collapse  pattern  of  reinforced  elements  of  concrete 
hhtvk  structures.  and  itii  erosum  pjiicrn  on  south  dope  of  earth  barricade. 

In  general.  tliiN  igloo  experienced  considerably  more  »wcr  pressure  (we  later 
tables)  than  oilier  the  south  oi  west  igloo.  and  the  structural  lespooso  is  Consistent 
with  tins.  Tlicte  was  little  indication  ot  fragment  damage  from  the  donor  projectiles 
or  donor  s  .ncturc.  Such  damage  was  prevented  In  the  intervening  earth 
embankment,  which,  though  ciodcd  on  the  donor  side,  was  hieaelied  only  in  a 
limited  region  along  the  lop  near  the  extended  center  hue  ol  the  donor. 


LAST  IGLOO 

h  vide  nee  from  high-speed  camera  records,  from  fragment  pitting  of  the  rear 
concrete  wall,  and  fioni  fragment  perlontion  ol  recovered  sections  of  steel  arch 
from  tins  igloo  indicates  detonation.  01  a  combination  ol  explosion  and  detonation, 
of  the  acceptor  units.  Probing  and  partial  removal  ol  the  earth  fill  that  covered  the 
lliwn  alter  the  lest  tailed  to  reveal  any  unexploded  acceptors  or  am  large  Iragtncuts 
iciiiuinnig  I  nun  the  eiglu  acceptors  contained  in  the  strtieune.  Structural  tesfHUise 
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I  Ki,  3'  Interior  View  of  Soulli  Ijdoo, 


T  IG.  3  V  ItcatlwuU  and  Doorway  of  South  l^loo 
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NORTHWEST  CONCRETE  BLOCK  STRUCTURE 

Ttic*  two  Class  7  motors,  a  Polaris  second  stage  and  a  Miuutcmun  third  stage, 
ignited  and  burned  without  undergoing  substantial  movement  from  their  pretest 
positions. 

The  concrete  block  structure  was  leveled,  with  the  walls  generally  collapsing 
inward  from  the  top.  Portions  of  reinforced  vertical  cells  and  the  reinforced 
horizontal  bond  beams  remained  tied  together  although  extensively  cracked  and 
sheared.  Figure  45  shows  the  remains. 

NORTHEAST  CONCRETE  BLOCK  STRUCTURE 

The  six  acceptor  charges  contained  in  this  structure  did  not  burn  or  explode. 
All  six  were  found  near  the  door  opening  in  the  north  wall  of  the  building. 

The  structural  response  was  generally  similar  to  that  c  ^countered  by  the  other 
concrete  block  building  (Fig.  46),  except  that  reinforced  elements  appeared  to  retain 
their  integrity  and  relative  positions  slightly  better  than  in  the  northwest  structure. 
A  direct  comparison  is  not  entirely  valid  because  of  the  motor-burning  effects  in  the 
northwest  pile  of  debris. 

B-29  AIRCRAFT 

The  aircraft  skin  was  pierced  by  fragments  in  42  places  (Fig.  47).  Fragments 
found  about  the  aircraft,  which  was  parked  1 .800  feet  from  the  donor  muga/ine, 
varied  in  size  from  small  gravel  to  about  10  pounds  in  weight  (Fig.  48) 
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was  as  follows: 

1.  No  fragments  of  the  steel  doors  or  the  concrete  hcadwall,  or  debris 
identifiable  as  such,  could  be  found. 

2.  The  concrete  rear  wall  was  severely  pitted  (Fig.  42)  and  was  thrown 
backward  at  the  top.  coming  to  rest  at  an  angle  several  degrees  from  vertical  (Fig. 
43). 

3.  The  steel  arch  was  separated  into  several  sections,  the  la.gest  of  which  came 
to  rest  in  front  of  and  on  the  east  slope  of  the  59-foot-long  maga/mc  remaining 
from  a  1963  test.  Another  piece  (Fig.  44)  fell  in  front  of  the  door. 

4.  The  igloo  floor  was  covered  with  earth. 

In  general,  the  extent  of  damage  caused  by  the  doner  blast  was  masked  by 
the  subsequent  reaction  of  the  acceptor  charges  within  the  igloo,  so  comparisons 
with  the  response  of  other  igloos  cannot  be  made.  It  is  apparent  that  acceptor 
charge  response  was  much  more  violent  in  the  east  igloo  than  in  the  other  igloos. 
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1  1(1  4'  Interior  View  of  (  omrcti  Kor  W all  of  I  jvi  Idoo.  Showing  \neplor 
Ira*  mem  Impativ 


I  Id  4 }  Kcjv  Wall  ol  I  jst  IjHoo,  With  Kin  ot  Meel  Wmc  Wall  at  Ki^lil 
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I  l(.  41.  Part  of  Sled  Anil  of  Kasi  IgJoo  Lying  in  1  font  of  Door  of  59-f  ool  Magazine. 
Sole  perforations  from  acceptor  fragment. 
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I  IC •  46.  Returns  ul  Northeast  Concrete  Block  Structure  \\ itli  I’ncvploded  Acceptor 
Charges  Removed  Note  pattern  of  reinforced  vertical  and  horizontal  dements  that 
remained  connected  in  some  parts  ol  the  walls. 


I  1(5.  4*'  Tvpic.il  I  ragmen  l  Moles  in  lop  ol  Wing  ol  l.irgcl  Xiurjlt 
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IIG.  4K.  Project4!*;  I  rjgmcnts  I  oumJ  ai  Sue  of  H--9  Aircraft.  The  targcM  fragment 
shown  here  weighed  10  pounds. 


FRAGMENT  COLLECTION  AND  ANALYSIS 

FRAGMENT  COLLECTION 

Before  I  he  lest,  three  5 -degree  sectors,  us  shown  on  Pig.  13,  were  cleared  of 
vegetation  and  debris  front  a  prior  test,  and  each  sector  was  divided  into  cells  as 
described  in  Table  2.  After  the  test,  a  truck  equipped  with  an  8-foot-long  bar 
magnet  was  driven  slowly  over  the  area  encompassed  by  each  cell  The  area  was 
covered  once  by  driving  parallel  to  the  main  axis  of  the  sector  and  once  by  driving 
at  right  angles  to  this  axis.  The  larger  fragments  collected  in  each  cell,  namcl),  those 
estimated  to  weigh  3  4  pound  oi  more,  were  individually  weighed  in  the  field,  and 
the  weights  were  logged.  Figure  44)  shows  three  of  the  larger  fragments 

The  rest  of  the  fragments  from  each  cell  were  earned  as  a  group  to  a  central 
site  for  screening  and  weighing.  The  following  screen  si/es  (in  inches)  were  used:  2 
3/4,  I  3/4.  I  1 1 2.  7/8.  3/4.  and  5'H  Fragments  retained  on  each  screen  were 
weighed  as  a  group  and  counted.  Estimates  of  the  number  of  small  fragments 
passing  all  screens  were  made  b\  counting  small  samples  and  extrapolating. 

Pretest  planning  called  for  the  bun  search  and  hand  pickup  of  fragments  from 
selected  100-  In  100-loot  areas  to  supplement  data  derived  from  magnet  truck 
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TABLE:  7  C**ll\  Usml  *  *  j*  Ft  .tcjitM'Pt 
Collection  liy  T nick 


Cell 

H.mI*  il  »ii*.t,»rH.r  ol  cel  li(innil.inr\ 

hunt  « !« >tit i«  m.Ht  i/me  ceniei,  i» 

no 

North  »r 

South  set- tin 

West  v*t  tor 

7 

bOO  to  /b0 

500  to  7b0 

•>00  to  703 

G 

7b0  to  1.000 

750  tn  1.000 

703  to  1.000 

5 

1 .000  to  1 .250 

1.000  to  1,?50 

1.000  to  1.250 

4 

1,250  to  1.500 

1.250  to  1,500 

1.250  to  1.500 

3 

1,500  to  1.61/ 

1 .500  to  2.000 

1 .500  to  2.000 

2 

a 

h 

2.000  to  2.500 

1 

j 

h 

2.500  to  3.000 

J  No  fragment  collection  by  magnet  truck  lieyonH 
1.617  (eel  because  o*  rough.  hilly  tenum. 

^  No  fragment  collection  i iy  magnet  truck  tieyomf 
2.000  I eet  because  of  soli  #\nth 


I  1C t.  41)  Large  I'rohMtlr  I  ueim-nu  \  Mtt.tll  ptopiuimn  ut  the  |<5>mtn  projectiles 
broke  into  large  lt.igtm*nt\  mi.  h  tht*\c 
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collection,  particularly  in  areas  not  accessible  to  the  truck  because  of  the  terrain.  In 
post-test  fragment  collection,  the  pattern  of*  seaicli  was  varied  somewhat  from 
pretest  plans  to  meet  field  conditions  of  fragment  distribution;  in  addition,  the 
search  was  extended  to  include  areas  directly  adjacent  to  magnet  truck  collection 
sectors  as  a  check  on  the  latter  The  search  areas  were  geneially  100  leet  square; 
however.  50*  by  50-ftuu  areas  were  uwd  in  regions  of  high  fragment  density,  and 
two  larger  areas  were  also  used  (see  Table  3  and  Fig.  13) 

The  foot  searches  were  conducted  thoroughly  by  two  men  moving  in  mutually 
perpendicular  paths.  Iii  areas  of  soli,  loose  surface  earth,  all  craters,  even  small  ones, 
were  probed  for  fragments.  The  craters  often  yielded  metal  fragments  not  visible 
without  probing.  In  the  areas  to  the  west,  the  craters  were  more  often  caused  by 
clods  of  donor  earth  cover. 

The  manual  method  of  fragment  collection  was  considered  o  be  more 
thorough  than  magnet  collection  in  areas  where  the  smallest  lug  incuts  weighed  0.05 
pound  At  the  closer  ranges,  approximately  1. 000  leet  or  less  fiom  the  donor,  no 
attempt  was  made  to  pick  up  the  very  small  fragments  (005  pound  and  under)  by 
hand. 


TABLE  3.  Areas  Used  in  Fragment  Collection  by  Hand  Pickup. 


S</e  of 

Distance  from  donor  ceme'  lo  center  of  collection  area,  ft 

collection 

North 

Southeast 

Sooth 

West 

Northwest 

area. ft 

(356.5  den) 

<135  deg) 

(174  deg) 

(266.5  deg) 

(330  deg) 

50  x  50 

1.025 

•  •  « 

... 

1.025 

2.018 

... 

... 

1.525 

... 

100  x  100 

2.850 

1,850 

1.000 

2.050 

2.350 

3.050 

1,95" 

2.050 

2.250 

2.650 

3.150 

2,050 

2.250 

2.450 

2.750 

3.250 

2,150 

2.450 

2.950 

2.850 

3.350 

2,250 

.  • . 

. . . 

2.950 

3.450 

2.450 

... 

... 

3.050 

100  x  200 

... 

... 

2.740 

100  x  230 

2.950 

FRAGMENT  ANALYSIS 

In  analyzing  the  fragments,  the  pnnciput  emphasis  was  pljced  on  producing 
data  that  would  identify  fragment  hazards  in  various  regions  around  the  donor  igloo 
by  comparison  with  existing  standaids.  An  additional  objective  was  the  presentation 
of  data  in  a  manner  that  would  facilitate  additional  analysis  in  the  event  that  it  was 
deseed  to  vary  either  the  fragment  density  criteria  or  energy  level  criteria  in  the 
standards. 

The  graphs  shown  in  Fig.  30  through  57  were  derived  to  show  the  increases  in 
the  cumulative  number  of  fragments  per  10.000  ft-  with  decreases  in  fragment 
weight  for  each  collection  cell.  The  abscissa  positions  of  data  points  for  the  larger 
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MG.  50.  Cumulative  Number  of  Fragment*  per  10.000  fP  Versus  Weight  in  Pounds 
for  Cells  in  the  North  Sector  (Magnetic  Pickup).  Rough.  hill>  terrain  prevented 
magnetic  pickup  in  Cells  I  and  2. 


weights,  generally  I  pound  or  more,  are  based  on  arbitrary  selection  and  grouping  of 
individually  weighed  fragments.  Abscissa  positions  of  data  points  of  group-weighed 
fragments,  representing  retentions  on  screens,  were  based  on  average  weights  derived 


,  Ranges  of  average 

weight*  were  as  follows: 

Screen  size,  in 

Weight  range,  lb 

2  3/4 

weighed  individually 

1  3/4 

0  40  to  0.65 

i  i/: 

0  JO  to  0.40 

7/8 

0  1 3  to  0.24 

3/4 

0.06  to  0.11 

5/8 

0.03  to  0  06 

In  determining  the  cumulative  number  of  fragments  associated  with  each 
weight,  it  was  assumed  that  half  the  number  of  fragments  retained  on  the  screen 
were  heavier  than  the  average  weight  and  half  were  lighter  than  the  average  weight: 
that  is,  the  weight  of  the  median  fragment  was  assumed  to  be  equal  to  the  average 
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MG.  51  Cumulative  Number  ol  frjgmcnt\  per  lO.UOO  ft*  Versus  Weight  in  Pounds  lor 
Cells  in  ihe  South  Sector  I  Magnetic  Pickup!  Cells  1  and  2  were  loo  soil  for  the  truck 
to  operate  in. 


weight  for  the  group.  Based  ott  ait  analysis  of  several  samples  of  groups  in  wlttch 
fragments  were  individually  weighed,  the  :rror  introduced  by  this  assumption  was 
considered  acceptable. 

Implicit  in  the  methods  used  to  determine  ihc  cumulative  number  associated 
with  weight  was  the  assumption  that  the  extreme  weight  limits  for  each  screen 
retention  group  did  not  extend  beyond  the  average  values  for  adjacent  screen  sues. 
Analyses  of  the  same  group  samples  referred  to  above  showed  variations  in  weight 
for  most  screen  si/es  which  extended  well  past  the  averages  for  adjacent  screen  si/es. 
The  error  introduced  had  the  general  effect  of  emphasizing  the  scattering  of  data 
points.  Uith  true  representation  il  is  believed  l lie  data  points  would  have  appeared 
smoother. 

In  the  graphs  no  at  tempi  was  made  to  differentiate  between  structural 
fragments  from  igloos  and  155-mnt  projectile  fragments.  However,  the  basic  data 
from  winch  the  graphs  were  derived  does  distinguish  between  the  two  types  of 
fragments,  for  fragments  which  were  individual^  weighed. 

Figures  5H  through  65  were  derived  from  Fig.  50  through  57.  and  lhe>  show- 
variations  in  the  number  of  fragments  per  10.000  ft*  for  various  distances  away 
from  the  donor  maga/inc.  These  figures  are  plotted  for  fiagment  weight  levels  of 
>0.125.  >0 .2K.  and  >1.0  pound. 

The  selection  of  the  0.2#-pound  level  was  based  on  the  following  rationale 

I.  The  present  DDLSB  criterion  for  hazardous  fragments  to  unprotected 
personnel  stipulates  an  acceptable  density  of  not  more  titan  one  per  600  ft*,  a 
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WEIGHT,  LB 

I  ICi.  52  Cumulative  Number  of  I  ragmen t>  per  IH.IHKI  fi2  Vmu%  Weight  in  Pounds 
for  Cells  in  the  West  Sector  iMagnt-lic  Pickup  I.  Dala  foe  Cell  I  is  off  scale  in  this 
figure. 

hazardous  fragment  being  defined  as  one  having  a  kinetic  energy  of  58  ft -lb  or 
greater. 

2  The  distribution  of  fragments  in  this  tesi  made  it  apparent  that  the  safe 
fragment  distance  based  on  I  he  above  criterion  would  be  determined  b>  fragments 
falling  at  their  free-fall  terminal  velocity  From  Fig.  3  of  Ref.  2.  the  value  of  0.28 
pound  was  derived  as  the  weight  ol  a  5S-I t-lb  fragment  moving  ai  terminal  velocity 
Figure  66  shows  the  limits  of  fragment  lu/ird  for  the  ISKIMO  I  test,  based  on  the 
above  standards. 

The  choice  of  ihe  0.1  25-pound  level  was  somewhat  arbitrary,  being  a  bit  larger 
than  the  0.08  pound  derived  from  Fig  3  of  Ref  2  for  a  fragment  with  1 1  ft -lb  of 
kinetic  energy  (an  cnerg>  criterion  recommended  b>  some  investigators)  moving  at 
terminal  velocity.  However,  the  0,125  level  does  provide  data  points  for  a  weight 
level  of  general  interest. 

The  choice  ol  the  1.0-pouud  level  is  agjm  arbitrary,  but  it  does  permit 
comparison  ol  the  0. 28-pound  level  wiih  a  much  higher  level.  Furthermore,  in  tins 
particular  lest,  it  demonstrates  that  the  choice  of  fragment  weights  and  thus 
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I  It*.  53.  Cumulative  Number  of  I  ragmcniN  per  IM.IMMI  h*  VcrMi%  Ut-igtn  tn  Pounds 
for  Vjnoux  Nonhwestcrlv  Ut\ljncv*v  I  mm  the  Donor  Marine  tlland  Pukupi 


indirectly  the  choice  of  fragment  kinetic  energies  does  not  strongly  influence  the 
position  of  the  safe  distance  Innits  for  density  values  of  one  ha/ardous  fragment  per 
(>00  ft-  or  16.7  fragments  per  10,000  ft-. 


CONCLUSIONS 


GENERAL 

Based  on  the  results  of  this  test  and  supporting  data  from  previous  tests. 
DDESB  has  authorized  the  following  new  sepaiation  distances  for  earth*covered 
steel-arch  magazines  without  intervening  barricades 

Faee-to-rear  orientations  2.0  X 
Face -to- side  orientations.  2.75  X  W*  ^ 

DDESB  also  adjusted  the  spacing  requirements  lor  face-lo-face  orientations  to  1 1  X 
WU3  without  an  intervening  barricade  and  to  6  X  W'U'  when  a  substantial 
barricade  exists  between  the  igloos. 

Additionally,  as  a  result  of  damage  incurred  b>  igloo  doors  and  lieadwalls.^ 
DDESB  has  initiated  a  test,  to  be  conducted  at  China  Lake,  to  compare  door  and 
hcadwall  designs.  The  test  will  use  structurally  sound  portions  of  ESKIMO  I 
structures.  The  donor  coil  figuration  and  position  will  be  planned  to  subject  each  test 
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I  lei.  54.  Cumulative  Number  ol  h  ragmen  t\  per  ft*  \er\u\  Ucighl  in  Pounds 

tor  V'arious  Westerly  Distances  I  rom  lire  Donor  Magazine  illand  Pickup). 


hcadwall  and  door  to  the  same  blast  loading,  namely,  one  approximating  that 
experienced  at  the  south  acceptor  igloo  in  the  LSKIMO  I  test 


.  INSTRUMENTATION  DATA 

Data  from  ESKIMO  I  instrumental  ton  are  discussed  and  tabulated  m  other 
sections  of  this  report.  The  instrumentation  data  yielded  the  following  basic 
information 

1.  The  16  BRL  self-recording  mechanical  blast  gauges  placed  at  410  to  2.6lK) 
feet  from  the  donor  in  three  arrays  (north,  west,  Jtid  south)  indicated  an  explosive 
yield  of  an  uubarricaded  stack  ol  about  100.000  pounds  of  TNT  at  gauge  distances. 
This  is  in  fair  agreement  with  reductions  m  yield  picdictcd  b\  Ref.  J. 

2.  The  records  from  the  Ristlct  pie/oclcctric  blast  gauges  mounted  at  ground 
level  near  the  acceptor  igloo  headwalls  and  in  the  south  igloo  wing  walls  showed 


36 


V 


:vwo||0|  <c  p^tinj  sca\  cticuirp 
|o  .viibp  *>i| j  tMUinii.viiiiJiMii  \q  popio.vi  rirp  m\\  tptM  pun  soojtfi  joxtann 
,>i|i  jo  pur  iioiiimhJ  ?\\\  ipi.w  ih^immuo  scm  Minij.'vdMU  iSAMSod  \q 

ptflpnf  sc  *soo|tfi  io*d;o:ir  oiji  tt|  .>nruirp  |riui.>iu)s  jo  aiu»>aos  m\\  ti | 

•sci.Mtir.^  .unpid  uniinui  n^xivtj??i»|  pur  :%joop  *>\oqr  s||nvNpr.x|  jotiouu  no  pojunotu 
S-Wfipsiir.il  iidiioiu  jn.iuij  *.sioop  oopfi  uo  pAiimoiu  sjopuioxiiwr  nrp  cqqrvn 
pur  iu^isisiko  popi.MuJ  pin*  Njj.xIojJ  p.nrj.iJo  Mii.uuniisiu  n’uiMo))<»|  ,ii|X  { 

'Aui/istmu 

jouop  »xp  jo  jjrMpr.x|  r>ip  jo  umoii  i.vj  OC  01  oi  sp"  Wini.mns  Aiu/rmrui  Jouop 
o\\\  /q  p^udiiyui  \|i|t?ii|  (isjc  srw  ipii|A\  *uoivo|dxA  .up  jo  joiiw  **np  |<»  uouisod 
lii.ijrddr  oi|x  l\’l  M»  spunod  000*  vY  °l  (XK)’(h*  l<»  Vr,,i  popr.iujrqim  »ir  mojj 
auo  o)  jnnbo  \pjflnoj  sr*\  isrjq  *np  imp  os  \*»ini;>nj|s  oui/rtfrtu  jouop  *xp  <q 

porniarpm  Ajipfct)  scm  *s.s3ncff  iiKvoj.i  «iN«iip  110  p»isnq  \mitm  isnjq  .-up  jo  opuutrimu 
oi|X  *suoiin^o|  pun  sitouisod  iu>ip  joj  Airudoiddr  S0iJt»)sU|  otut)  OJiisscud  r>ApnpJ 

(dnvM  |Hirjji  iouo(|  aix  mol  |  vvmriM(|  \nour.\  101 

\puno(|  ui  nj.iirw  *u  out i* n|  i.vl  Hu.niuirj  |  fo  j.X)«am\  ooirpuun  )  $£  «)|  | 

an  ‘iho»  iaa 


tut  f~»  ^ — 1 - 1  n  rn — 1 — 1 - 1  im'in — 1 — r 

\ 


hos^cv  : 

**  1  «  H.WMIWW^M . .  . . .  ••• 

1  4  OV‘F^ 


\  i,<wriv 

\  s>» —  _  ijo<T77 


S' . 


NWC  TP  f*H(> 


I  ((»  (  umtiljliM*  Number  nt  t  ratnitenls  per  ! O.INin  l|-  Veroiv  Weight  in  Pounds  lor 

Smiilierli  iMO.iikes  I  mm  the  tH>nor  Mjuj/iik*  iIIjoJ  IVkupl.  flic  I.OO(Muol 
i urvi  w.i\  i'\ 1 1. 1 pot »jU*il  in  «»t  ;jiii  j  il  I  25  |h»iiiiJ  itala  pnmi  li»r  use  in  akuljlions 


i  .im  ijiio...  .ii  i  :5  v  w  ' 

Soilli  ||*|ihi.  .il  2  0  X  W1  * 

Sunil:  ijiIimi.  .it  J  l)  x  W*  •* 
wvvi  luii'D.  jt  7>  x  \v>  '* 


Destroyed  In  explosion  of 
acceptor  chaigcs 

Moderatc-to-hcavy  hcadwall 
and  dooi  damage 

Moderate  damage 

lightlo-modcrate  blast 
damage  and  fragment 
damage  at  one  doorjamb 


The  mstiumentation  icconls  showed  that  the  north  and  ejst  igloos  lecetved  roughly 
comparable  blast  loading  and  responded  in  comparable  fashion  prior  to  detonation 
ot  accept oi  charges  in  the  latter 
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FIG.  57.  Cumulative  Number  of  Fragments  per  10.000  ft2  Versus  Weight  in  Pounds 
for  Various  Southeasterly  Distances  From  ihe  Donor  Maga/inc  tiland  Pickup).  The  100- 
by  100-fcot  area  at  2.450  feet  was  searched,  but  no  fragments  were  found  in  it. 


FRAGMENT  DATA 

Results  of  fragment  collection  and  analysis  are  summarized  as  follows: 

I.  The  limits  of  fragment  hazard,  based  on  an  acceptable  density  of  one 
hazardous  fragment  per  600  ft*  of  surface  area  are 


North  (front)  of  donor  magazine  .  3,200  feet 

West  (side)  of  donor  magazine  .  2.600  feet 

South  (rear)  of  donor  magazine  . . /.  .  2,200  feet 


This  assumes  that  a  hazardous  fragment  is  one  I  avmg  a  kinetic  energy  of  58  ft-lb  or 
more.  Note  that  the  fragment  hazard  limit  forward  of  the  donor  magazine  is  at  a 
distance  greater  than  2.630  feet,  which  is  the  distance  for  the  occurrence  of  the 
l-psi  incident  overpressure  level  for  200.000  pounds  of  unbarricadcd  TNT,  as  derived 
from  standard  curves. 

2.  The  maximum  throw  of  fragments  as  observed  by  field  search  was  as 
follows: 


Projectile  fragments  north  of  donor  .  5.000  feet 

Projectile  fragments  west  of  donor  . 3,100  feet 

h'arth  clods  west  of  donor  .  3.400  feet 

Projectile  fragments  south  of  donor  .  3.600  feet 
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FIG.  59.  Number  of  Fragments  per  >0.000  ft1  Versus 
Distance  Notthwesl  of  Donor  Magazine  (Hand  Pickup). 

i 
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DISTANCE.  FT 


FIG.  61.  Number  of  Fragment*  per  10,000  ft2  Versus  Distance  South 
of  Donor  Magarinc  (Hand  Pickup j. 
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DATA  DERIVED  FROM  INSTRUMENTATION 


EVENT  TIMES 

With  the  exception  of  data  derived  from  the  BRL  self-recording  gages,  all  data 
were  recorded  on  a  time  base:  standard  1RIG  Format  B  for  the  motion  pictures, 
and  binary  coded  1,000-hertz  timing  for  magnetic  tape  data  from  Kistler  blast  gages, 
linear  motion  transducers,  and  accelerometers.  Figures  67  and  68  show  recordings  of 
instrumentation  data;  on  both  of  these  figures  the  small  timing  pulses  are 
milliseconds. 

Table  4  summarizes  test  event  times  derived  from  assessment  of  the  various 
data  recorded  on  a  time  base.  Selection  of  a  zero  time  was  somewhat  arbitrary; 
however,  it  does  correspond  to  one  of  three  pulses  on  the  zero  time  record.  In 
addition,  zero  time  coincides  with  (I)  the  first  occurrence  of  a  substantial  fireball 


j 
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DISTANCE.  FT 


FIG.  63.  Number  of  Fragments  per  10,000  ft2  Versus  Distance  North 
of  Donor  Magazine  (Hand  Pickup). 

just  north  of  the  donor  magazine.  (2)  the  appearance  of  a  nearly  continuous  line  of 
initial  fireball  eruption  through  the  top  of  the  donor  earth  cover,  and  (3)  first 
fireball  lighting  of  acceptor  igloo  headwalls.  The  pulse  on  the  zero  time  record  was 
derived  from  an  ionization  probe  located  atop  the  earth  fill  at  the  center  of  the 
donor  magazine.  Note  in  Table  4  that  the  main  blast  wave  arrived  at  blast  gauges  2 
feet  forward  of  the  hcadwali  of  the  north  igloo  6.7  milliseconds  before  it  arrived  at 
a  corresponding  gauge  position  at  the  cast  igloo,  despite  the  fact  that  the  east  igloo 
wa-  much  closer  to  the  center  of  the  donor  explosive  mass.  This  is  one  of  many 
indications  of  the  strong  direction  influence  on  the  blast  exerted  by  the  presence  of 
the  donor  magazine  structure  and  earth  cover. 

MOTION  PICTURE  PHOTOGRAPHY 

The  test  event  was  recorded  photographically  by  ground-based*  16-mm  and 
35-mm  cameras  using  color  film.  Film  from  cameras  operating  at  1,000  frames  per 
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FIG.  64.  Number  of  Fragments  per  10,000  ft2  Versus  Distance  West  of 
Donor  Magazine  (Magnetic  Pickup). 
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FIG.  65.  Number  of  Fragment*  per  10,000  ft2  Versu*  Distance  Wrst  of 
Donor  Magazine  (Hand  Pickup). 
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FIG.  66.  Limits  of  Fragment  Hazard.  Based  on  Acceptable  Density  of  One 
Hazardous  Fragment  per  600  ft2.  A  hazardous  fragment  is  defined  as  one 
having  kinetic  energy  >58  fMb. 

second  and  less  gave  an  overall  picture  of  the  fireball  growth  and  the  explusion  of 
debris.  Detailed  coverage  of  acceptor  igloo  headwalls  provided  good  views  of  blast 
waves  approaching  and  reflecting  from  structural  surfaces.  Waves  appeared  as 
multiple  and  complex  at  the  north,  east,  and  south  acceptor  igloos. 

Coverage  of  the  donor  magazine  headwaU  showed  initiation  and  travel  of  the 
detonation  along  the  Primacord,  followed  by  emergence  of  a  bright  fireball  from  the 
door  and  headwaJI.  Detonation  of  acceptor  charges  in  the  east  igloo  was  recorded  as 
a  brillant,  intense  light  typical  of  detonation  photographs. 

The  timing  marks  recorded  on  the  high-speed  16-mm  film  became  erratic  after 
emergence  of  a  substantial  fireball;  however,  the  timing  of  observable  events  as 
derived  from  film  records  agreed  well  with  timing  of  the  same  events  recorded  on 
tape  (if  the  measured  camera  speed  at  or  near  zero  time  is  assumed  to  hold 
throughout  the  event).  The  single  exception  to  this  is  a  disagreement  between  tape 
and  film  records  concerning  the  time  of  detonation  of  acceptor  charges  in  the  east 
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TABLE  4.  Summary  of  Event  Times  in  Milliseconds. 

Times  ere  based  on  0.0  ms  for  fireball  eruption  es  described 
in  the  text.  Primecord  was  initiated  at  -14  ms 


Event 

North  igloo 

East  igloo 

South  igloo 

West  igloo 

First  signal  from  velocity 
probes  at  igioo  doors 

NA 

26.2 

41 J2 

23.0 

Arrival  of  main  blast  at 
ground  Kistier  gauges 

2  ft  in  front  of 
igloos 

26.2 

32.9 

49.2 

76.0 

Arrival  cf  main  blast  at 
headwail  Kistier 
gauges 

NA 

NA 

50.7 

NA 

First  wall  motion  recorded 
by  transducers  in 
hea  dwells 

25.2 

33.9 

51.1 

NA 

First  floor  motion  recorded 
by  horiz.  and  vert, 
accelerometers 

27.7 

32.6 

54  ±  3 

75.6 

First  floor  motion  caused 
by  events  other  than 
donor  blast 

a 

51  to  65* 

a 

144.0* 

Approx,  detonation  time  of 
acceptor  charges  in  east 
Igloo 

NA 

51  to  60* 

NA 

NA 

0  No  meaningful  data  obtained 

*  Record  is  noisy,  but  accelerometer  channels  appear  to  be  driven  to 
saturation  in  this  time  frame.  Detonation  of  acceptor  charges  in  east  igloo  also 
occurs  In  this  lime  frame. 

c  instrumentation  channels  were  driven  to  saturation  shortly  after  most  of 
this  motion,  which  is  believed  to  be  caused  by  impact  of  a  large  section  of 
donor  igloo  floor  curb  against  west  igioo  head  wall 

"Records  from  accelerometers  and  I  i  tear  motion  transducer  suggest  51 
me.  Motion  picture  records  show  60  ms.  This  discrepancy  is  discussed  in  the 
text. 
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igloo.  To  resolve  this  disagreement  it  is  believed  necessary  to  assume  that  (I)  the 
camera  speed  was  accelerating  rapidly  from  zero  time  to  the  acceptor  charge 

_ _ detonation,  or  (2)  the  strong  signal  changes  recorded  by  accelerometers  and  linear 

motion  transducer  channels  at  approximately  50  milliseconds  after  zero  time  were 
related  to  events  other  than  acceptor  charge  detonation-for  example,  impact  of  a 
very  large  fragment  similar  to  that  striking  the  west  igloo. 


BLAST  GAUGE  DATA 


General 

The  blast  gauge  instrumentation  consisted  of  two  basically  different  types  of 
gauges:  (1)  BRL  self-recording  mechanical  gauges  placed  at  distances  ranging  from 
410  to  2.690  feet  from  the  donor,  as  listed  in  Table  5  and  shown  in  Fig.  14  and 
(2)  Kistler  piezoelectric  gauges  placed  at  relatively  shorter  distances,  commensurate 
with  their  greater  frequency -response  characteristics,  from  the  donor  magazine. 


BRL  Gauges 

Data  from  the  BRL  gauges  are  given  in  Table  5.  The  use  of  WU3  values  from 
this  table  permits  comparison  with  blast  fields  from  other  igloo  tests  and  comparison 
of  front,  side,  and  rear  blast  levels  with  standard  prediction  values  for  actual  or 
equivalent  weights  of  explosive.  From  Table  5  the  average  values  of  W^3  derived 
from  overpressure  and  from  impulse  are 

Front  . 51.1 

Side  . 46.8 

Rear  . . . . .  40.4 


The  average  of  these  three  values  is  46.1,  which  gives  an  effective  equivalent  weight 
(W)  of  98,000  pounds. 

Average  value*  of  W U3  similarly  derived  from  the  1963  test  using  100,000 
pounds  of  Composit.on  B  (Ref.  1)  are 

Front  . .43.7 

Side  . 39.6 

Rear  . . 32 J 


The  average  of  these  three  values  is  38.5,  which  gives  an  effective  equivalent  weight 
of  57,000  pounds  of  TNT. 

If  the  derived  equivalent  weights  of  the  front,  side,  and  rear  gauge  arrays  are 
compared  as  a  percentage  of  the  derived  overall  equivalent  weights  for  ESKIMO  I 
and  the  1963  test  (Table  6),  results  are  consistent  with  expectations  in  that  the 


52 


TABLE  5.  Summary  of  BRL  Gauge  Data. 


Gauge 

No* 

Gauge  dis¬ 
tance  (Ft) 
from  donor 
center,  ft 

Peak  overpressure 
psi 

Scale  dis¬ 
tance  (A,  J 
derived  from 

overpressure. 

fi/lb1/3 

R/A1  for 

W,,/3|  de- 
rived, 

«,»'3 

Impulse  (1), 
psi -ms 

l/R, 

pst-ms/ft 

Scale  dis¬ 
tance  (A^l 
derived  from 
impulse, 
ft/lb,/3 

RAj  (or 

w2,/3)  d»- 

rived. 

lb1'3 

Duration  of 
overpressure 

curve,  computer 
extrap.,  mi 

Direct 

reading 

Computer 

extrap. 

Direct 

reading 

Computer 

extrap. 

IN 

410 

11.8 

12.0 

86 

46.6 

520 

530 

1.29 

7.6 

54.0 

148 

2N 

526 

889 

766 

10.6 

49.6 

397 

418 

0.795 

96 

536 

162 

4N 

880 

2.88 

3.02 

20.2 

43.5 

213 

216 

0.245 

180 

48.9 

182 

6N 

1,580 

1.62 

1.47 

31.5 

50.2 

141 

152 

0.0962 

29.0 

54.5 

236 

6N 

2.690 

0.569 

0.75 

56.0 

48.0 

100 

107 

0.0378 

45.0 

59.8 

299 

IS 

410 

8.04 

7.45 

10.6 

38.7 

243 

248 

0.605 

11.2 

36.6 

95 

2S 

526 

5.83 

5.71 

13.1 

40.2 

251 

252 

0.479 

126 

41.1 

123 

3S 

703 

4.50 

4.08 

15.5 

45.2 

190 

194 

0.276 

170 

41.4 

135 

4$ 

880 

2.57 

2.60 

22.5 

39  1 

154 

154 

0.175 

21.6 

40.7 

147 

2W 

526 

6.03 

6.05 

13.0 

40.7 

282 

292 

0.555 

118 

44.6 

127 

3W 

703 

4.55 

4.54 

15.5 

45.4 

239 

250 

0656 

15  0 

466 

144 

4W 

880 

3.25 

361 

19.6 

45.0 

209 

229 

0.260 

17.5 

50.3 

158 

5W 

1,580 

1.39 

•  * . 

37.0 

42.6 

•  •  • 

• .  • 

... 

6W 

*,690 

0679 

866 

60.0 

536 

73 

78 

0.029 

53.0 

60.7 

209 
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TABLE  6.  Comparison  of  Derived  Equivalent 
Weights  for  ESKIMO  I  and  1963  Tests. 


Gaugt 

array 

location 


.  . _ _ .  weight 

weight  ratio  .  ^ 

ratio,  % 


ESKIMO  I  test 


weight  ratio 


1963  test 


weight 
ratio,  % 


Front  51.13/46.13  136  43.73/38.53  148 

Side  46.83/46.13  105  39.63/38.53  108 

Rear  40.43/46.13  67  32J^/18.52  59 


larger  overall  weight  produced  more  symmetrical  front  and  rear  values  (136  and  67% 
versus  148  and  59*%). 

Figure  69  shows  1-psi  overpressure  values  to  the  front,  side,  and  rear  of  the 
donor  magazine,  derived  from  BRL  gauge  data,  and  a  computed  value  based  on 
200.000  pounds  of  TNT.  The  three  derived  values  were  obtained  by  using  WU3 
values  derived  by  averaging  the  BRL  gauge  overpressure  and  impulse  values  and 
multiplying  by  a  scaled  distance  factor  of  45  corresponding  »o  a  1-psi  overpressure 
level  in  standard  curves  prepared  by  C.  Kingery  of  BRL  (Ref.  4).  These  values  of 
2,300,  2,110,  and  1,820  feet  are  slightly  higher  than  those  based  solely  on  the  1-psi 
overpressure  levels  recorded  by  the  BRL  gauges.  The  computed  value  was  determined 
without  reduction  to  an  equivalent  weight:  that  is,  200,000^3  X  45  *  2,630  feet 

The  equivalent  weight  can  be  calculated  from  the  following  formula  from 


Ref.  3: 


where 


Wlticlt  *  equivalent  weight  of  the  stack 

W  *  total  charge  weight  of  the  stack  in  pounds  of  TNT 
k  =  attenuation  factor  for  the  mode  of  storage  (0.8  for  munitions 
stored  in  a  standard  steel-arch  earth-covered  igloo) 

F  *  factor  given  by  the  modified  Fano  formula  to  account  for  the 
energy  expended  in  breaking  up  the  metal  of  the  weapon  case 
(0.635  for  the  155-mm  projectile  body) 

Using  these  values, 

wsttck  *  1-2  x  200,000  X  0.8  X  0.635 
-  122,000  pounds 

Using  this  value,  W*/3  3  49.5f  and  the  predicted  position  of  the  I-psi  overpressure 
level  would  be  49.5  X  45  or  2,230  feet  in  all  directions  from  the  donor  magazine. 

Tne  computer  assessment  of  the  BRL  records  produced  (I)  tabulations  of  the 
overpressure  and  impulse  versus  time  and  (2)  plots  of  the  data.  Figures  70  through 
74  show  the  plotted  data  for  13  of  the  16  BRL  gauges.  Gauges  3N  and  IW  did  not 
produce  usable  records,  and  gauge  5W  showed  peak  pressure  only. 
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FIG.  69.  Comparison  of  1-psi  Overpressure  Distances  for  ESKIMO  I  Test 
With  Distance  for  200,000  Pounds  of  Unconfined  TNT. 


In  addition,  the  computer  plotted  the  first  part  of  the  overpressure  curve  on  a 
semilogarithmic  scale  and  fitted  a  least  squares  line  to  the  curve,  permitting  an 
extrapolation  to  zero  time  for  determining  the  most  likely  real  initial  overpressure. 
Figure  75  shows  such  a  plot.  This  procedure  was  designed  to  reduce  the  effect  of 
slow  response  by  the  BRL  gauges  at  the  leading  edge  of  the  shock  wave  and  the 
effect  of  overshoot  and  oscillation  by  the  ICistler  gauges. 

Similarly,  the  computer  plotted  the  trailing  edge  of  the  positive  phase  of  the 
overpressure  curve  on  a  semilogarithmic  scale  and  fitted  a  straight  line  to  it, 
permitting  extrapolation  to  the  most  likely  positive 'phase  duration  (Fig.  76).  The 
program  also  included  the  computation  of  impulse  based  on  these  extrapolations. 


Kistler  Gauges 

Data  from  Kistler  piezoelectric  gauges  are  presented  in  Table  7.  The  data.  like 
the  BRL  data,  reflect  the  blast  directionalization  caused  by  the  donor  magazine 
structures.  The  value  of  W1/3  derived  from  overpressure  is  much  higher  forward  of 
the  donor  than  are  those  to  the  rear;  however  all  W*/3  values  are  lower  than  those 
derived  from  BRL  gauge  data.  By  an  averaging  process  giving  equal  weight  to 
incident  overpressures  recorded  in  each  cardinal  direction,  the  equivalent  W  derived 
from  the  Kistler  gauges  is  30,000  pounds  of  TNT.  or  30%  of  the  equivalent  W 
derived  from  the  BRL  gauge  data.  The  apparent  center  of  the  30.000  pound 
equivalent  W  is  about  10  feet  outside  the  door  of  the  donor  magazine. 

There  is  no  clear-cut,  evident  explanation  for  the  large  difference  in  equivalent 
derived  from  BRL  and  Kistler  gauges.  The  high-speed  16-mm  films  showed 
multiple  blast  waves  appearing  at  different  angles  with  the  ground  surface.  These 
were  spaced  well  apart  in  some  instances  and  close  together  in  others.  This 
multiplicity  of  blast  waves  is  consistent  with  phenomena  recorded  on  film  showing 
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FIG.  70.  Data  Plots  for  BRL  Gauges  IN,  2N.  and  4N. 
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FIG.  71.  Data  Plots  fot  BRL  Gauge*  5N.  6N.  and  IS. 
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FIG.  72.  Data  Plots  for  BRL  Gauges  25,  3S.  and  4S. 
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F1C.  73.  Data  Plots  for  BRL  Gauges  2W,  3W,  and  4W. 
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FIG.  74.  Data  Plot  for  BRL  Gauge  6W. 


FIG.  75.  Computer  Plot  of  Firit  Part  of  Overpressure  Curve  From  BRL  Gauge  IN. 
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FIG.  76.  Computer  Plot  of  Trailing  Edge  of  Overpressure  Curve  From  BRL  Gauge  IN. 

overall  views  of  the  early  stages  of  development  of  the  explosion -namely,  that  the 
development  of  a  fireball  north  of  the  donor  magazine  and  the  development  of  a 
fireball  in  a  line  atop  the  donor  magazine  appear  as  separate  processes.  It  may  be 
hypothesized  that  these  multiple  blast  fronts  later  coalesced  as  they  approached  the 
BRL  gauge  positions  to  form  a  single  blast  wave  typical  of  that  from  a  point  source 
of  about  100,000  pounds  of  TNT.  However,  the  Kistler  gauge  records  do  not 
support  this  hypothesis,  most  gauges  having  recorded  a  more-or-less  classical 
initial-peak  blast  pressure  pulse  with  clearly  interpretable  reflection  by  the  igloo 
headwall.  There  are  additional  signals  on  the  records,  particularly  at  the  north  and 
east  gauge  sites,  that  may  have  resulted  from  a  blast  wave  or  waves,  but  the  traces 
are  not  consistent  with  the  others. 

The  differences  between  near  (Kistler)  and  distant  (BRL)  gauges  are  not 
believed  to  result  from  instrument  error  or  calibration  error;  they  are  believed  to  be 
representative  of  a  real  condition.  Model  tests  reported  Ref.  5  show  similar  results. 
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TABLE  7.  Summary  of  Ktstler  Piezoelectric  Gauge  Data. 


Gauge  dis¬ 
tance  IRI  from 
donor  canter, 
ft 

Peak  over pr assure,  psi 

Impulse,  psims 

“ 

Duration  of 
overpressure 

curve,  computer 

extrap .  ms 

X,  derived 

R/X|  (or 

1 

k3  derived6 

R/X2  lor 
W2l/3ld# 
rived6  from 
ID.tb’'3 

Gauge 

nation4 

Incident 

Reflected 

Measured 

(1) 

Derived  6 
incident 

component 

(ID) 

from  std 
curve  for 
incident  over¬ 
pressure, 
ft/*,1'3 

W,1'3).  de¬ 
rived  from 

overpressure, 

ib1'3 

ID/R.6 

P»i  ms/ft 

from  ttd. 
curve  for 

1/R. 

ftrtto1'3 

N.rg. 

14S 

76 

238  . 

768 

12.5 

38 

38  1 

N  l.y. 

145 

No  record*" 

... 

• 

W  r  g. 

172 

38 

68 

585 

31  5 

5  1 

338 

W.l  g. 

172 

25 

64 

d 

402 

52 

27  9 

S.r«. 

145 

33 

61 

545 

26  7 

56 

263 

S.I.*. 

145 

33 

61 

693 

28  0 

60 

241 

*■* 

... 

E.r«. 

84 

27 

*.»♦ 

84 

No  record* 
150 

250 

1.010 

# 

78 

300 

S.r.w. 

147 

Nona 

76 

*  705 

258 

797 

6  1 

230 

1.75 

62 

239 

S.  I.w. 

147 

Nona 

72 

641 

244 

2/  1 

6  t 

227 

166 

64 

23  0 

*  N„  W  S.  and  E  refer  to  tha  north,  wnt,  tooth,  and  east  igloo*,  r.  and  I.  raft*  to  right  and  laft  povtion*  g.  jnd  w.  refer  to  ground  and  wail  location* 
6  Oarivad  only  for  tha  wring  wall  location*  in  tha  tooth  igloo 

e  Gauge  did  not  record  peak  overpressure;  hence  no  calculation*  can  be  mad*. 

*  Data  not  reliable. 

9  Not  computed;  unreliable  data. 
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MOTION  INSTRUMENTATION 


Linear  motion  transducers  positioned  to  measure  movement  of  the  concrete 
headwall  above  the  center  of  the  north,  east,  and  south  acceptor  igloo  doorways 
recorded  data  from  which  motion  values  listed  in  Table  8  were  derived.  The  data 
for  the  north  and  east  Igloos  were  very  similar  for  the  first  3  inches  of  movement, 
which  represents  the  limit  of  movement  tolerated  by  the  transducers  and  the  limit 
of  calibration. 

Attempts  were  made  to  measure  door  movement  with  probes  of  varying  length 
mounted  on  a  vertical  post  behind  the  door  and  seated  against  microswitches.  These 
were  not  successful,  probably  because  the  microswitches  were  activated  by  forces 
other  than  door  motion.  The  times  of  initial  motion  sensed  by  the  probes  are 
shown  in  Table  4. 

Accelerometer  data,  given  in  Table  9,  are  consistent  in  timing  with  blast  wave 
arrival.  Events  later  than  blast  wave  arrival  and  of  equal  or  greater  significance  are 
discussed  in  the  Remarks  column  of  this  table. 


STATIC  HEADWALL  MEASUREMENTS 


Before  the  test,  survey  monuments  were  set  to  define  a  vertical  plane  3  feet  in 
front  of  each  acceptor  igloo  headwall,  and  distances  were  measured  from  these 
planes  to  selected  points  on  the  headwalls.  After  the  test,  these  distances  were  again 
measured,  along  with  a  number  of  additional  distances  not  previously  surveyed. 
Since  pretest  measurements  showed  that  the  walls  deviated  from  a  true  vertical  plane 
by  ±0.05  feet,  all  of  these  additional  distances  are  subject  to  that  much  error.  The 
permanent  changes  in  position  of  the  three  remaining  (north,  south,  and  west) 
headwalls  are  shown  by  isoplcths  in  Fig.  77,  78,  and  79. 


TABLE  8.  Summary  of  Linear  Motion  Transducer  Data. 


Location  of 
headwall 
transducer 

Max. 

velocity, 

ft/s»»c 

Av.  velocity 
from  initial 
motion  to  peak 
excursion, 
ft/sec 

Time  from  initiation 
motion  to  max. 
velocity,  ms 

Av.  acceleration 
from  initial 
motion  to  max. 
velocity,  £ 

North  igloo 

29.8 

20.0 

8.1 

114 

East  igloo 

29.5 

18.5 

8.0 

114 

South  igloo 

27.9 

13.3 

14.4 

60 

63 


V 

s 


TABLE  9.  Summary  of  Accelerometer  Data. 
Accelerometers  were  located  on  center  lines  of  igloo  floors,  near  the  front. 


Location  of 
accelerometer 

Type  of 
motion 
sensed 

Max.  acceleration 
as  a  direct  result 
of  donor  blast,/ 

Approx,  frequency  of 
accelerations  as  a 
direct  result  of  donor 
blast,  Hz 

Remarks  concerning  acceleration  record  not 
directly  resulting  from  donor  blast 

North  igloo 

Horizontal 

10.3* 

490 

At  approximately  32  ms  after  main  blast  arrival 

Vertical 

16.0 

Not  measured* 

at  the  headwall,  a  second  series  of  motions 
was  recorded  by  the  vertical  accelerometer 
channel,  with  a  maximum  of  16.4  /. 

The  horizontal  channel  was  again  saturated  at 
10.3/. 

East  igloo 

Horizontal 

33.0 

545 

The  record  was  noisy;  however,  both  channels 

Vertical 

30.0 

Not  measured* 

appeared  to  be  saturated  intermittently,  with 
motion  beginning  approximately  17  ms  after 
arrival  of  the  main  blast  wave. 

South  igloo 

Horizontal 

Vertical 

**!  o 

CO  M 

500 

Not  measured^ 

No  remarks. 

West  igloo 

Horizontal 

5.5 

533 

Both  channels  were  saturated  by  motion 

Vertical 

4j0 

Z 

o 

i 

c 

K 

beginning  68  ms  after  motion  resulting 
directly  from  the  donor  blast. 

*  Channel  was  driven  to  saturation  at  10.3/. 

*  Too  few  cycles  registered  to  obtain  e  measurement. 
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FIG.  77.  Movement  of  Headwall  of  North  Acceptor  Igloo.  A  plus  value 
shows  movement  away  from  the  donor  magazine;  a  minus  value  shows 
movement  towrrd.  The  units  are  in  hundredths  of  feet. 


FIG.  78.  Movement  of  Hcadwall  of  South  Acceptor  Igloo.  A  plus  value 
shows  movement  away  from  the  donor  magazine;  a  minus  value  shows 
movement  toward.  The  units  are  in  hundredths  of  feet. 
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FIG.  79.  Movement  of  Headwali  of  West  Acceptor  Igloo.  Phis  values  show 
movement  away  from  donor  magazine;  one  point  (upper  left)  showed  no 
movement.  The  units  are  in  hundredths  of  feet. 


Note  that  the  headwalls  appear  to  have  responded  in  different  ways  at  each  of 
the  three  sites  measured.  It  is  apparent  from  visual  observation  and  from 
examination  of  the  measurement  data  at  the  north  and  south  sites  that  the  steel 
arch  acted  as  a  reaction  line  resisting  headwali  movement.  The  steel  arch  yielded 
somewhat  but,  curiously,  this  effect  was  more  pronounced  at  the  south  igloo,  where 
measured  movement  at  the  top  of  the  arch  was  2.5  to  3  inches. 

The  movement  shewn  in  Fig.  77,  78,  and  79  does  not  represent  the  maximum 
motion  experienced  by  the  headwalls.  For  example,  there  was  a  space  approximately 
0.2  feet  wide  between  the  back  of  the  south  headwali  and  the  earth  cover  at  the 
top  left  corner  and  a  similar  space  0.1  feet  wide  at  the  top  right  comer  indicating 
movement  greater  than  the  permanent  displacement.  Similar  but  less  marked 
evidence  of  earth  cover  compression  was  seen  at  the  other  acceptor  igloos.  This 
earth  cover  disturbance  at  headwalls  may  be  seen  in  an  overhead  photograph  (Fig. 

31). 
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Appendix  A 

INTERIOR  BLAST  PRESSURES  OF  ACCEPTOR 
MAGAZINES:  ESKIMO  I 

by 

T.  W.  Warren 
I.  B.  Akst 
C.  E.  Canada 

Mason  &  Hanger-Sdas  Mason  Co.,  Inc. 
Pantex  AEC  Plant,  Amarillo,  Texas 
November  1972 


This  appendix  contains  extracts  from  the  above  report,  with  only  Fig.  1,  5,  6, 
and  7  being  reproduced  herein.  The  omitted  text  and  figures  are  essentially 
duplications  of  material  contained  in  the  main  body  of  the  basic  report  (TP  5430). 
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INTERIOR  BLAST  PRESSURES  OF  ACCEPTOR 
MAGAZINES  ESKIMO  I 

ABSTRACT 


This  report  describes  the  measure-  *nt  of  dynamic  pressure-time  histories 
within  earth-covered,  steel-arch  acceptor  magazines  which  were  subjected  to 
overpressures  produced  by  the  detonation  a  central  donor  magazine  containing 
200,000  pounds  of  TNT  cast  in  M101  155  i  projectiles. 

Shockwave  arrival  times  were  monitoret.  jt  the  headwalls  of  four  inwardfacing 
acceptors  located  at  scaled  distances  of  1.25  \  *  (Head  to  Side),  2.00  (Head 
to  Head  with  intermediate  barricade),  2.00  W  *  (Head  to  Rear),  and  2.75  W1^ 
(Head  to  Side).  Equivalent  explosive  weight  values  are  derived  as  functions  of  time 
and  direction  for  near-field  conditions,  based  on  exterior  arrival  time  data  as  well  as 
negative  phase  amplitudes  of  experimentally  observed  pressure  profiles  inside  the 
acceptor  “igloos/' 

Since  the  test  arrangement  represented  worst-case  orientation  for  internal 
damage  to  adjacent  magazines,  some  obvious  safety  aspects  concerning  potential 
personnel  and  equipment  hazards  arc  discussed  with  suggested  improvements. 


INTRODUCTION 

The  Department  of  Defense  Explosives  Safety  Board  is  engaged  in  a  program 
to  more  accurately  determine  the  minimum  safe  separation  distance  between 
magazines  storing  explosives.  This  distance  is  the  least  which  will  provide  assurance 
that  an  explosion  in  one  magazine  will  not  propagate  to  another  although  the 
second  magazine  and  possibly  its  contents  might  be  extensively  damaged.  Of 
particular  interest  to  the  AEC  was  the  determination  of  air  shock  levels  within  the 
adjacent  magazines  to  assess  probable  personnel  effects  and  equipment  damage. 
Previous  tests  (1)  have  demonstrated  that  earth-covered  steel-arch  igloo  magazines 
can  be  safely  spaced  side  to  side  at  a  distance  in  feet  determined  by  1.25  in 
which  W  is  the  weight  in  pounds  of  the  high  explosive  in  storage.  However,  little 
information  has  been  developed  which  will  indicate  the  minimum  safe  distance 
between  the  concrete  headwaJI  of  the  magazine  and  the  earth  covered  side,  rear  or 
barricaded  headwall  of  another  magazine.  To  determine  the  minimum  safe  separation 
distances  when  the  headwall  faces  the  donor  explosion  the  Department  of  Defense 
Explosives  Safety  Board  sponsored  the  Eskimo  I  Test. 
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DISCUSSION 


TEST  ARRANGEMENT 

A  plan  view  of  (he  test  arrangement  complete  with  AEC  instrument  locations 
is  shown  in  Fig.  1. 

INSTRUMENTATION 

The  pressure  transducers  used  for  the  test  were  Kulite  type  XTS-190  (3). 
These  are  miniature  strain  gage  type  transducers  containing  a  silicon  diaphragm  on 
which  a  Wheatstone  bridge  has  been  diffusion  bonded.  Each  transducer  had  a  small 
reference  tube  emerging  from  its  back  side  which  was  sealed  at  an  atmospheric 
pressure  of  936  millibars  such  that  each  transducer  read  differential  pressure. 

An  array  of  3  transducers  was  located  centrally  in  each  of  the  four  acceptor 
igloos.  These  were  positioned  on  a  stand  2  feet  above  the  floor  and  were  directed 
to  read  head-on.  side-on,  and  rear-on  pressures  within  a  1-1/2  inch  radius  of  each 
other.  Each  of  the  head-on  gages  in  the  acceptor  igloos  were  fitted  with  Kulite  type 
M  shields,  which  are  small  perforated  screens  used  to  resist  particle  impingement  in 
severe  environments. 

Each  pressure  transducer  station  was  fitted  for  calibrations  using  pressurized 
dry  nitrogen. 

Individual  transducers  were  mounted  near  ground  level,  centrally  inside  each 
concrete  blockhouse  and  2  feet  outside  the  forward  wall  of  each  blockhouse.  These 
were  for  side-on  pressure  measurement  only. 

Five  shock  motion  detectors  (pressure  activated  switches)  were  installed  for 
measuring  arrival  times.  One  was  mounted  on  each  acceptor  igloo  headwall  and  one 
was  positioned  on  the  top  center  of  the  donor  igloo  to  obtain  a  zero  time  reference 
point. 

The  record/reproduce  instrumentation  system  was  located  in  an  instrument 
barricade  approximately  1,000  feet  west  of  the  donor  igloo.  The  signal  monitoring 
system  inr'uded  differential  amplifiers  driving  a  magnetic  tape  recorder  and  an 
oscillograph.  The  transducers  were  connected  through  long  underground  control 
cables  which  entered  a  2"  conduit  at  the  rear  of  each  acceptor  igloo  and  emerged  in 
the  floor  at  the  center  of  the  igloo.  A  simplified  block  diagram  of  the 
record/reproduce  instrumentation  system  is  shown  in  Fig.  5. 

The  calibration  procedure  consisted  of  pressurizing  each  gage  incrementally  at 
its  location;  i.c.,  through  the  long  control  cables,  the  longest  of  which  was  1,475 
feet,  and  monitoring  the  output  voltage  at  the  instrument  barricade.  Each  input 
channel  was  then  calibrated  by  inserting  known  voltage  steps  to  ascertain  the 
deflection  sensitivity  of  each  channel.  Three  complete  calibration  runs  were  made  on 
all  of  the  gages,  the  final  run  being  made  just  prior  to  the  test.  Since  the 
instrument  barricade  was  not  manned  during  the  test,  the  equipment  functions  were 
remotely  programmed  from  a  control  center  located  approximately  6  miles  away. 
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Fig.  5.  Block  Diagram  of  Record-Reproduce  Instrumentation 
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PRESSURE  MEASUREMENTS 

Of  the  16  transducers  installed,  two  were  scratched  prior  to  the  test;  one  had 
an  open  bridge  circuit  and  the  other  a  ruptured  diaphragm.  One  of  these  was 
located  outside  the  northwest  blockhouse  and  the  other  was  located  inside  the  north 
acceptor  igloo,  rear-on.  The  remaining  exterior  pressure  gage  was  located  at  a  scaling 
factor  of  2.0  W1/3  to  achieve  correlation  with  NWC  pressure  data. 

Due  to  the  test  configuration  and  manner  of  donor  detonation  the  emerging 
shockwaves  were  directional,  thereby  complicating  data  correlation  (measurement  of 
a  zero  time  reference  was  valid  only  in  the  direction  measured).  Actually,  the  test 
was  designed  to  produce  heavy  fragmentation  (more  than  1  million  pounds  of  steel 
was  fragmented  by  the  donor)  for  comparison  with  previous  tests  using  bulk 
explosives  and  did  not  lend  itself  well  to  prediction  of  expected  overpressures. 

Calculations  made  for  a  single  M10I  round  in  the  donor  stack,  based  on  an 
approximative  model  using  a  casing  weight  to  charge  weight  ratio  of  5  to  1,  yielded 
blast  wave  production  efficiencies  as  low  as  50  percent  (W^3  *  46).  However, 
pressure  enhancement  due  to  reflections  and  interactions  from  adjacent  rounds 
would  tend  to  increase  this  efficiency  number.  Moreover,  pressure  estimations  were 
further  complicated  by  the  initiation  geometry  of  the  donor,  directional  effects  due 
to  donor  configuration,  charge  weight  to  structure  volume  ratio,  and  response  or 
failure  time  of  the  doors  and  headwalls  of  the  acceptor  magazines.  Therefore, 
selection  of  pressure  ranges  for  transducers  was  weighed  to  worst-case  conditions. 

One  external  pressure  measurement  was  obtained  near  the  NE  blockhouse  and 
interior  pressures  were  monitored  for  each  acceptor  igloo  and  the  NW  blockhouse. 
Selected  pressure  time  profiles  are  shown  in  Fig.  6  and  the  reduced  data  is  given  in 
Table  L 


TEST  RESULTS 

Preliminary  NWC  data  (4)  indicate  that  the  donor  blast  was  equivalent  to  a 
cubicle-confined  detonation  (5)  of  100,000  pounds  of  TNT  (W1^3  *  46.5)  from 
far-fleld,  BRL  pressure  gage  measurements.  Directionally,  the  effective  W*/3 
approximated  values  were  51,47,  and  41  for  front,  side,  and  rear  of  the  donor, 
respectively.  NWC  near-field  pressure  data,  measured  in  the  acceptor  igloo  complex, 
show  reduced  effective  W*/3  values  ranging  from  approximately  23  to  38. 

AEC  data  also  exhibits  near-field  anomalies,  at  least  for  the  positive  phase 
portion  of  the  blast.  Effective  W*/3  values  computed  from  near-field  negative  phase 
amplitudes  were  in  closer  agreement  with  far-0eld  measurements.  Presumably,  the 
mechanisms  affecting  positive  phase  characteristics  were  no  longer  contributing 
factors  during  negative  phase,  i.e.,  breeching  of  the  donor  magazine,  rupture  of 
acceptor  doors,  etc. 

A  mach  stem  with  a  triple  point  height  several  feet  above  ground  level  was 
observed  in  the  high-speed  camera  views  of  the  shockwave  approaching  the  south 
acceptor  igloo.  This  suggested  that  near-field  positive  phase  effects  were  more 
associated  with  that  of  an  air  burst  rather  than  a  surface  burst;  therefore,  effective 
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Table  I. 

Ai»t>1ent  Conditions:  936  irfcars.  55  F 


location 

Distance  to 
Headman 
(ft) 

Shock  Arrival  a 

9  Headwill 

OUtance  to 
Transducers 
(Uj 

Shock  Arrive!  a 
9  Transducers 
(•sec) 

Transducer 

Orientation 

Peak 

Positive 

Overpressure 

(psi) 

Positive  Phase 
Duration 
(•sec) 

Negative  Phase 
Duration 
(msec) 

M  Acceptor 

117 

23.1 

127 

27.3 

Head-On 

31.2 

Side -On 

14.e 

89 

276 

Rear-0'1 

— 

£  Acceptor 

73 

7.7/10.5  b 

83 

33.9/43.6/44.7  * 

Head-On 

8/303  Saturation 

Acceptor  Units  Detonated 

Side -On 

Saturation 

Transducers  Oest roved 

Rear-On 

Saturation 

$  Acceptor 

117 

41.0 

127 

51.6 

Head-On 

9.2 

Side -On 

8.3 

66 

373 

Rear-On 

7.9 

W  Acceptor 

161 

69  .b 

171 

78.9 

Head-On 

2.2 

Side -On 

2.2 

68 

405 

Rear-On 

2.3 

ME  Concrete 

117 

25.5  (Calc.) 

115 

24.3/26.7  d 

Side -On 

85.4/187.8  d 

16 

37 

Block  Magazine 

(Outside) 

NW  Concrete 

117 

127 

31.9 

Side -On 

59.5 

Transducer  Destroyed  After 

Block  Magazine 

(Inside) 

10  msec 

''Arrival  Tint  Referenced  to  Motion  Detector  Atop  Donor  Igloo 
b Doubt*  Pulse  Recorded  on  E  Acceptor  Channel',  Considered  Unrs liable 

°Arrival  Tines  cstd  Pressures  care  Shovn  for  Leakage  Pressure ,  Peak  Positive  Pressure  Preceding  Saturation  and  Saturation,  Respective Ig;  Saturation  Levels 
were  •*  730  psi  for  the  Head-On  Gage  and  350  psi  for  the  Side-On  end  Rear-On  Gages 

d Arrival  Tint  end  peak  Positive  Pressure  for  Both  Incident  cexd  Reflected  fcfcuwa  are  Listed 
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W*/3  values  were  computed  tor  both  air  and  surface  bursts  for  comparison. 
Apparently,  a  combination  ol  the  characteristics  of  both  types  of  bursts  affected 
near-field  measurements,  depending  on  direction  from  die  donor.  Effective  W^3 
calculations  from  arrival  time  and  negative  phase  data,  corrected  to  *ea  level,  are 
given  in  Table  II. 

These  data  are  plotted  in  Pig.  7  with  scaled  curves  taken  from  Fig.  4-12  of 
Reference  5. 

The  calculations  base..1  mi  arrival  times  are  subject  to  inherent  direct ionat 
errors  of  as  much  as  5  ms  ~  Attempts  to  correct  the  measured  arrival  time  for 
each  direction,  using  NWC  high-speed  camera  views  of  the  donor  breeching  sequence, 
yielded  effective  cube-root  weights  which  were  still  substantial!)  lower  than  tar-field 
results. 

The  high-speed  camera  records  showed  that  first  light  emerged  from  Ilie  doors 
of  the  donor  igloo  about  5  msecs  prior  to  ground  shock  activity  near  the  zero  time 
motion  detector  atop  the  earthen  fill  of  the  donor.  The  reference  time  is  thus 
off-set  from  the  first  eruption  of  the  detonation,  but  is  assumed  to  be  representative 
of  the  finite  time  required  from  detonation  of  the  first  rounds  to  essentially 
complete  detonation  of  the  entire  slack.  According  to  high-speed  camera  data, 
approximately  9  msecs  elapsed  from  the  first  fight  eruption  at  the  front  of  the 
donor  to  the  last  of  a  sequence  of  gas  ventings  which  progressed  along  the  top  of 
the  earthen  fill  toward  the  rear  of  the  donor. 

The  time  offset  discussed  above  is  not  critical  for  evaluation  of  far-field 
measurements  but  is  of  importance  for  interpretation  and  correlation  of  near-field 
results,  i.c.,  those  measurements  taken  near  the  acceptor  igloos.  F'or  example,  all 
effective  cube-root  explosive  weights  estimated  from  ncar-field  positive  phase 
measurements  (listed  in  Table  I)  are  smaller  than  the  average  value  of  46.5  estimated 
from  far-field  results.  Effective  weights,  estimated  from  time  of  arrival  data,  were 
obtained  by  selecting  values  of  effective  cube-root  weight  such  that  calculated  points 
for  scaled  arrival  time  and  distance  agree  with  the  idealized,  scaled  time  of  arrival 
curve  of  Fig.  7.  Effective  explosive  weights  were  also  estimated  from  results  of  the 
external  transducer  located  at  the  base  of  the  northeast  cor  tc  magazine.  The 
recorded  sidc-on  pressure  (85.4  psi)  corresponds  to  an  effective  .  jbe-root  weight  of 
41  and  the  arrival  time  to  35  W*/3  for  a  surface  burst;  46  W^3  and  41  W,/3. 
respectively,  for  an  air  burst. 

Effective  weight  calculations  based  on  near-field  measurements  are  not  intended 
to  conclusively  determine  donor  charge.  They  do.  however,  indicate  that  blast 
conditions  experienced  by  the  igloos  were  not  as  intense  as  might  he  expected  from 
far-field  measurements. 


OPERATIONAL  SAFETY  ASPEC  TS 

Predictions  of  biological  effects  (6)  and  equipment  damage  are  strongly 
dependent  on  the  test  configuration.  Due  t o  early  blast  door  lailuies  and  resulting 
line  of  sight  propagation  of  fii  ball,  blast  wave,  and  debris,  Eskimo  I  represents  a 
worst-case  condition  for  potential  damage  to  acceptor  igloo  interiors.  For  example. 
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Table  II.  Eskimo  I  Test  Data,  Converted  to  Sea  Level 


Location 

01 stance0 
to  Headwall 
(ft) 

Shock  Arrival 
at  Headwalls 
(msec) 

Effective6 

Cube -Root  Weight- 
Surface  Burst 
(U$  Pos  Phase) 

38 

Effective0 
Cube-Root  Weight- 
Air  Burst 
(u£'5  pos  phase) 

45 

Distance  to° 
Transducers 
(ft) 

Peak  Negative 
Pressure 
(psl) 

Effective'' 

Cube-Root  Weight- 
(W|'i  Neg  Phase) 

57 

%  Acceptor  Igloo 

144 

27.2* 

153 

-11.3 

E  Acceptor  Igloo 

84 

- 

- 

- 

- 

S  Acceptor  Igloo 

144 

40.0 

21 

30 

153 

-10.1 

51 

W  Acceptor  Igloo 

170 

67.7 

16 

23 

179 

-  4.8 

36 

ME  Cone  ret 

Block  Magazine 

144 

29.6* 

35 

41 

142 

-12. 1 

59 

NW  Concrete 

Block  Magazine 

14* 

- 

-- 

153 

— 

-• 

a Converted  distance  referenced  to  center  of  donor 

^ Effective  cube-root  calculations  based  on  converted  arrival  tines ,  assuming  ideal  surface  burst 
°Effective  cube-root  calculations  based  on  converted  arrival  tine,  asswring  ideal  air  burst 
Effective  cube-root  calculations  based  on  converted ,  peak  negative  pressures 
9 Tim  off-set  approximately  4.9  nsec  due  to  detonation  asymmetry 
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Fig.  7.  Comparison  of  Converted  Eskimo  I  Data  with  Ideal  Surface  Burst  Curves 
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increasing  the  pressure-resistance  of  blast  doors  and  observing  side-on  orientations 
between  igloos,  coupled  with  the  additional  protection  provided  by  the  earthen  HU, 
would  probably  negate  debris  damage  and  reduce  fireball  produced  effects  within 
adjacent  igloos. 

Since  the  instrumentation  described  here  only  provides  interior  pressure-time 
information,  the  discussion  of  probable  interior  effects  will,  henceforth,  be  restricted 
to  blast  produced  damage  and  obvious  conclusions  derived  from  post-test 
examination.  Further,  for  purposes  of  discussion,  the  pressure  transducers  used  to 
instrument  the  igloos  will  be  defined  as  "delicate  instruments.” 

Tentative  criteria  for  biological  effects  are  given  in  Ref.  6,  where  effects  of 
blast  and  shock  are  subdivided  into  three  categories  termed  primary,  secondary,  and 
tertiary.  Primary  effects,  those  directly  due  to  applied  pressure,  encompass  both 
positive  and  negative  phases.  However,  effects  resulting  from  the  negative  phase  have 
not  been  established.  Criteria  for  biological  damage  in  Ref.  6  are  based  on 
“fast-rising”  long-duration  pressure-time  histories.  Except  for  the  cast  igloo,  the 
overpressures  observed  were  classed  as  “slow-rising”,  effecting  a  decrease  in  potential 
biological  damage  for  a  given  peak  overpressure.  For  example,  even  though  the 
probability  of  personnel  injury  from  overpressures  was  below  threshold  for  the  west 
and  south  igloos,  survival  would  still  have  been  unlikely  due  to  debris. 

Only  four  undamaged  transducers  were  recovered.  These  transducers  were 
mounted  side-on  and  rear-on  in  the  south  igloo,  rear-on  in  the  west  igloo,  and 
side-on  in  front  of  the  northeast  concrete  magazine.  All  other  transducers  were 
cither  destroyed  or  rendered  partially  inoperable.  The  probability  of  extensive 
equipment  damage  was  thus  at  least  50  percent  in  the  south  and  west  igloos  and 
close  to  100  percent  within  the  remaining  structures. 


CONCLUSIONS 


Anomalies  in  near-field  measurements  are  not  fully  understood,  but  appear  to 
be  caused  by  complex  shockwave  diffractions  from  the  donor  configuration.  The 
apparent  close  agreement  between  effective  cube-root  weights  computed  from 
near-Held  negative  phase  amplitudes  and  far-Held  positive  overpressure  measurements 
indicates  that  the  negative  phase  was  less  dependent  on  initial  geometry. 

Orientation  of  magazines  within  a  storage  complex  is  equally  as  important  as 
their  spacing.  From  the  standpoint  of  operating  personnel  safety,  adjacent  igloos 
within  a  complex  should  be  ideally  arranged  such  that  no  line-of-sight  path  exists 
between  any  igloo  and  the  doors  of  another.  Reinforcement  of  magazine  blast  doors 
would  enhance  sating  of  stored  explosives  and  equipment  in  closed  magazines, 
this  would  afTord  little  more  protection  for  operating  personnel  under  present 
operating  conditions:  Typically,  the  doors  of  an  occupied  igloo  re  left  open  due  to 
inadequate  light  and/or  ventilation  or  to  transfer  material  in  or  out.  Therefore,  lethal 
overpressures  might  be  experienced  within  an  occupied  igloo,  regardless  of 
orientation,  under  current  quantity-distance  guidelines.  Nevertheless,  closed  doors 
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with  people  inside  similar  operational  (not  storage)  structures  is  a  possibility;  and  a 
variety  of  items  whose  protection  is  important  arc  stored  in  closed-door  igloos. 

The  second  and  third  order  effects  of  acceleration  and  flying  debris  were 
dominant  features  of  the  Eskimo  1  test  arrangement  and  rendered  the  south  and 
west  acceptor  igloos  with  closed  doors  unsafe  for  potential  occupants  or  materiel, 
although  they  could  be  deemed  marginally  “safe",  considering  overpressure  levels 
alone. 
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Appendix  B 

AN  ANALYSIS  OF  ESKIMO  I  TEST  IMAGERY 
by 

Reconnaissance  Applications  Section 
RADC/IRRC 
Reconnaissance  Branch 
Rome  Air  Development  Center 
Griffiss  Air  Force  Base,  New  York  13440 
January  1972 


This  appendix  contains  unclassified  extracts  from  the  above  Confidential 
report.  Although  the  extracts  mention  two  figures  (5A  &  B  and  6A  &  B)t  they  are 
not  reproduced  herein  because  the  text  and  Table  1  are  considered  sufficiently 
descriptive. 

For  reasons  of  safety,  the  aircraft  flyovers  in  this  operation  were  delayed  until 
approximately  20  minutes  after  detonation,  which  permitted  the  fragments  to  cool 
somewhat  before  measurements  were  made,  thus  reducing  temperature  differentials 
between  fragments  and  backgrounds. 
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AN  ANALYSIS  OF  ESKIMO  I 
TEST  IMAGERY 

1.  PURPOSE:  To  determine  the  extent  to  which  steel  and  concrete  fragments  can 
be  discriminated  from  the  background  and  counted  over  a  more  extensive  area  than 
is  practicable  by  mechanical  means. 

2.  BACKGROUND:  Test  conducted  on  8  December  1971,  consisting  of  the 
simultaneous  detonation  of  200.000  pounds  of  high  explosive  1 55mm  projectiles 
contained  within  a  donor  igloo.  Fragments  of  steel  and  concrete  were  predicted  to 
be  I00°F-150°F  hotter  than  the  background  and  scattered  throughout  a  3,000  ft. 
radius  circle. 

3.  SENSOR  COVERAGE:  The  following  sensor  coverage  was  available  for 
evaluation. 

KC-1B,  black  and  white,  pre-explosion 
KC-IB,  IR  color,  pre-explosion 
RS-10C,  1R,  pre-  and  post-explosion 
KA-56,  black  and  white,  pre-  and  post-explosion 
AN/AAD-5,  1R,  pre-  and  post -ex  plosion 

4.  ANALYSIS: 

c.  Pre-explosion  AAD-5  imagery  was  taken  at  940  ft.  AGL.  Post-explosion 
A  AD-5  imagery  a  *s  taken  at  840  ft.  AGL.  The  fragment  dispersal  contained  in  the 
latter  was  readily  apparent. 

d.  Figures  5A  and  5B  illustrate  the  methodology  employed  for  the  analysis 
and  were  accomplished  on  post-explosion  AAD-5  imagery  taken  at  2.520*  and  2,450* 
AGL,  respectively.  With  no  reference  to  precisely  locate  compass  headings,  line  A 
was  established  from  the  center  of  the  donor  igloo  extending  through  the  northward 
cleared  sector.  Assuming  this  base  line  to  be  0?  the  other  represented  lines  were 
established  at  30°  intervals  and  alphabetically  identified  in  a  clockwise  direction. 
Squares  representing  100*  X  100*  ground  distance  were  then  established  at  500* 
radial  distances  and  numerically  identified  from  the  center,  i.e.,  A1  =  500*;  A2  = 
1,000*;  A3  =  1,500*,  etc.  The  established  100*  square  locations  were  then  transferred 
to  lower  altitude  (approximately  1,000*),  larger  scale,  post -ex  plosion  4AD-5  imagery 
for  actual  fragment  assessment. 
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e.  Table  1,  Fragment  Dispersal,  and  Figures  6A  and  6B  show  the  number  of 
fragments  identified  for  each  100'  square  identified  in  Figures  5A  and  5B.  The 
additional  squares,  other  than  those  depicted  in  Figures  5A  and  5B,  are  included 
because  they  were  covered  on  the  larger  scale  (low  altitude)  imagery.  They  fall  on 
the  same  radial  lines,  again  at  500'  intervals.  Lack  of  squares  up  to  the  3,000' 
radius  is  due  to  incomplete  low  altitude  imagery  coverage. 

TABLE  l.  FRAGMENT  DISPERSAL 


*100'  square  not  in  exact  location  depicted  on  Figure  5 A,  due  to  ADAS 
chamber  displacement. 
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f.  All  fragments  were  counted  from  the  original  AAD-5  negative  at  15  times 


magnification.  Fragment  sue  and  composition  could  not  be  determined.  Vegetation 


precluded  the  location  of  many  fragments.  In  addition,  system  gain  settings  were 
apparently  such  that  detail  in  areas  of  extreme  temperatures,  either  hot  or  cold, 
cannot  be  differentiated.  Lack  of  complete  pre-explosion  coverage  precluded  actual 
point-to-point  comparisons  in  many  instances.  Fragment  count  in  cleared  areas  vs. 
uncleared  areas  indicates  that  some  fragments  could  have  been  buried  in  the  earth 
and  their  thermal  signature  lost. 
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Two  16-mm  motion  picture  Films  (TMP  357  and  TMP  364)  of  the 
ESKIMO  I  test  arc  available  and  can  be  lent  to  authorized  requesters.  TMP 
357  is  confidential,  formerly  restricted  data;  it  runs  for  17  minutes.  TMP 
364  is  unclassified  and  runs  for  15  minutes.  Both  have  optical  sound  tracks. 
Address  requests  to  the  Naval  Weapons  Center,  Code  7506,  China  Lake,  C A 
93555. 
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In  a  fully  Instrumented  test  in  December  1971  at  China  Lake.  Calif.,  200.000 
pounds  of  TNT  explosive  contained  in  155-mm  projectiles  were  detonated 
simultaneously  in  an  earth-covered  magazine  surrounded  by  four  earth-covered  igloos 
placed  at  various  distances  from  the  donor  magazine.  The  principal  objective  was  to 
evaluate  magazine  spacing.  Based  on  data  from  this  and  previous  tests,  the 
Department  of  Defense  Explosives  Safety  Board  reduced  the  separation  distances  for 
earth-covered  steel-arch  magazines  to  2.0  x  for  face  to-rear  orientations  and 
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2  7$  x  W for  faic-to-side  orientations  The  report  contains  data  on  fragment 
sues  and  distribution,  igloo  damage  and  structural  motion,  and  blast  pressures  at 
the  site 
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2.75  X  W»/*  for  ficeto-side  orientations.  The  report  contains  data  on  fragment 
sizes  and  distribution,  igloo  damage  and  structural  motion,  and  blast  pressures  at 
the  site. 


